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(57) Abstract: A method of aiming 
a therapeutic beam at a patient having 
a source of radioactive emissions 
implanted at a position having a 
geometric relationship to a target tissue, 
the method comprising: (a) providing 
a patient having a source of radioactive 
emissions implanted therein.; (b) 
determining at least an indication of 
a location of said source using at least 
one radioactivity detecting position 
sensor; and (c) automatically aiming a 
therapeutic beam at said target based on 
said at least an indication of location. 
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MEDICAL TREATMENT SYSTEM AND METHOD USING Rl^IOACTIVITY BASED POSITION SENSOR 

This Application claims benefit under § 119(e), directly or indirectly, from U.S. 
Provisional Applications: 

60/773,931 filed on February 16, 2006, entitled "Radiation Oncology 

Application"; 

60/804,178 filed on June 8, 2006, entitled "Radioactive Medical Implants"; 
60/773,930 filed February 16, 2006, entitled "Localization of a Radioactive 
Source"; 

The disclosures of these applications are fully incorporated herein by reference. 
This Application is a continuation-in-part of: 

PCT/IL2005/000871 filed on August 11, 2005, entitled "Localization of a 
Radioactive Source within a Body of a Subjecf; and PCT/IL2005/001 101 filed 
on October 19, 2005; entitled "Tracking a Catheter Tip by Measuring its 
Distance From a Tracked Guide Wire Tip". 

The disclosures of these applications are fully incorporated herein by reference. 
This Application is related to: 

U.S. Provisional Application 60/600,725 filed on August 12, 2004, entitled 

"Medical Navigation System Based on Differential Sensor"; 

U.S. Provisional Application 60/619,792 filed on October 19, 2004, entitled 

'•Using a Catheter or Guidewire Tracking System to Provide Positional 

Feedback for an Automated Catheter or Guidewire Navigation System"; 

U.S. Provisional Application 60/619,897 filed on October 19, 2004, entitled 

"Using a Radioactive Source as the Tracked Element of a Tracking System"; 

U.S. Provisional Application 60/619,898 filed on October 19, 2004, entitled 

"Tracking a Catheter Tip by Measuring its Distance from a Tracked Guide Wire 

Tip"; 

International Patent Application, Docket No. 503/05136, entitled "Localization 
of a Radioactive Source"; US Patent Application, Docket No. 503/05283, 
entitled "Medical Treatment System and Method"; and US Patent Application, 
Docket No, 503/05413, entitled "Medical Treatment System and Method", all 
filed on even date as this application. 

The disclosures of these applications are fully incorporated herein by reference. 
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FIELD OF THE INVENTION 

The present invention relates, in general, to guiding diagnostic and/or therapeutic 
procedures using a radioactivity based position sensor. 

BACKGROUND OF THE INVENTION 

In many medical procedures a target tissue is identified by medical imaging (e.g. 
computerized tomography or fluoroscopy). However, subsequent medical procedures (e.g. 
biopsy or excision) may be performed after the imaging procedure has been concluded. In 
some cases the target tissue is similar to surrounding non target tissue, hi the case of a needle 
biopsy, an operative portion of the biopsy tool is hidden from medical personnel within the 
patient 

A particular type of guided procedure is radiation therapy. In conventional radiation 
therapy, ionizing radiation applied as a beam from a radiation source outside the body is used 
to kill a target tissue (e.g. tumor) in a particular region within the body. In regions of the body 
where the tissue moves relative to external landmarks it is difficult to provide accurate 
positional information in order to correctly aim the beam. As a result a larger region than the 
actual target is often irradiated to ensure that the region to be treated is actually subject to 
therapeutically cytotoxic doses of radiation. Collateral tissue damage often results. Efforts to 
reduce collateral tissue damage may result in under-treatment of the intended target. 
BRACHYTHERAPY SEED DESIGNS 

To avoid collateral tissue damage, in brachytherapy, ionizing radiation is applied to a 
target by implantation of a brachytherapy "seed" which produces cytotoxic ionizing radiation, 
instead of radiation by a beam. The seed is implanted within the body in proximity to the 
target. 

US 6,436,026 to Sioshani (RadioMed Corp.) and US 2004/0116767 by Lebovic 
disclose spiral configuration brachytherapy seeds. The Lebovic application discloses delivery 
of the seed via a needle. The disclosures of these applications are folly incorporated herein by 
reference. 

WO 02/078785 by Radiovascular Inc.; WO 2004/026111 by Microsperix LLC; US 
6,749,555 to Winkler (Proxima Therapeutics inc.); US 2003/0158515 by Gonzalez (Spiration 
Inc.) each disclose brachytherapy seed designs which anchor themselves within the body. The 
disclosures of these applications and patents are folly incorporated herein by reference. 
CONVENTIONAL RADIATION THERAPY: AIMING SYSTEMS 

US 4,215,694 to Isakov teaches a device for tracking the position of an irradiated object 
and an electromechanical drive unit for aiming a beam source. The device for tracking the 

2 
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^ position relies upon sensors in the form of pulse transformers. The disclosure of this patent is 
fully incorporated herein by reference. 

wool 54765 by ZMED teaches a system for aiming a radiation beam by aligning a 
frame (bed) holding a patient. The disclosure of this application is iuUy incorporated herein by 
5 reference. 

WO 97/29699 and WO 97/29700 both disclose use of an intrabody probe to monitor 
applied radiation from an external source at/near a target and adjust the amount of applied 
radiation in response to the monitoring. The disclosures of these applications are fully 
incorporated herein by reference. 

10 IMPLANTABLE MARKERS FOR POSITION DETERMINATION 

US 2005/0261570 by Mate teaches implantation of excitable markers in/near a target. 
An external excitation source is then aimed at the marker to excite it. The excitation energy is 
used for position determination. Therapeutic radiation is aimed at a position determined by the 
target excitation energy. The disclosure of this application is fully incorporated herein by 

15 reference. 

US 2005/0027196 by Fitzgerald teaches a system for processing patient radiation 
treatment data. Fitzgerald teaches use of imaging equipment to determine positions of 
brachytherapy radiation sources implanted in a patient. The disclosure of this application is 
fully incorporated herein by reference. 

20 WO 00/57923 teaches a radioactive seed which discloses the orientation and location of 

the seed when exposed to X-ray. Orientation is indicated by use of different radio-opaque 
materials. The disclosure of this application is fully incorporated herein by reference. 

US 2005/0197564 by Dempsey teaches use of MRI to identify where tracer is taken up, 
as ionizing radiation is applied. The disclosure of this implication is fully incorporated herein 

25 by reference. 

A series of US patents assigned to Calypso Medical Technologies (e.g. US 6,977,504; 
US 6,889,833; US 6,838,990; US 6,822,570 and US 6,812,842) describe use of AC 
electromagnetic localization transponders in conjunction with a position determination system. 
The disclosures of these patents are fully incorporated herein by reference. 
30 LOCATION DETERMINATION BY MONITORING INTRABODY RADIATION 

Co-pending application PCT/IL2005/000871 by the inventors of the present invention 
and US 6,603,124 to Maublant teach the use of directional sensors for detecting a direction 
towards a gamma emitting source and aiming the sensor towards the source. The disclosures of 
this application and this patent are fully incorporated herein by reference. 
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^ SUMMARY OF THE INVENTION 

An aspect of some embodiments of the invention relates to use of an intrabody radiation 
source to aim an external tool at an intrabody target. In an exemplary embodiment of the 
invention, the extemal device is a biopsy tool and/or ablation tool and/or excision tool and the 
5 target is a tumor or other lesion. In an exemplary embodiment of the invention, the extemal 
device is a cytotoxic beam and the target is a tumor. In an exemplary embodiment of the 
invention, the extemal device is a light beam and the target is an area of skin indicating a 
recommended access route for a surgeon performing a tumor excision. Optionally, the lig^it 
beam is a laser beam. Altematively or additionally, the light beam is a patterned beam, 

1 0 optionally projected, optionally coUimated and/or focused. 

In some embodiments of the invention the tool is designed for use outside the body or 
with open surgical wounds, for example a scalpel. In other embodiments, the tool is a guided 
tool, optionally a flexible tool, for example as used in laparoscopy or endoscopy. In an 
exemplary embodiment of the invention, a radioactive marker is used to guide the tool to the 

15 target. Optionally, the tool is fitted with a radioactive marker, so that a position sensor can 
determine the relative locations of the two markers. Altematively or additionally, the tool is 
optionally mechanically coupled to a sensor or has its position relative to the sensor measured 
using other means (such as other position sensing modalities, such as known in the art, for 
example, light based, electromagnetic, magnetic or ultrasonic). 

20 In an exemplary embodiment of the invention, the extemal tool and sensors which 

determine a position of Uie intrabody radiation source are each independently positionable with 
respect to the intrabody target. Altematively or additionally, one or both are registered to the 
patient's body, for example, mechanically or using a difibrent position sensing method. 

In an exemplary embodiment of the invention, the radiation source is used to generate 

25 only a relative location, rather than an absolute location, in some embodiments, the relative 
location comprises a direction of motion, in one, two or three axes which will align the tool 
with and/or position the tool at the target or at a desired location near the target. 

In an exemplary embodiment of the invention, the implanted (or body surface) marker 
is used to help select an anatomical image for display. Optionally, the marker is injected to the 

30 body prior to acquisition of the anatomical image or a correlated image and the marker is 
designed for imaging by the imaging modality used (e.g., radio-opaque for x-ray CT). 
Optionally, the current location and/or expected path of a tool is shown on the image, for 
example as an overlay. Optionally, an expert system or other software is used to select a path 
for the tool which does not interfere with the system (e.g., the position sensor and/or a irame 
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thereof) and/or important body structures. Optionally, the positioning volume and/or expected 
accuracy of positioning is indicated on the display. 

In an exemplary embodiment of the invention, the intrabody target is in motion. 
Optionally, the external device is a cytotoxic beam which tracks a moving target. Optionally, 
5 the beam is aimed at the moving target by adjusting a position and/or angle of the cytotoxic 
beam. Optionally, the beam is aimed at the moving target by adjusting a position of an 
examination table/bed to keep the target in the beam as the target moves along the trajectory. In 
an exemplary embodiment of the invention, the beam and the bed are both adjusted to keep the 
beam aimed at the moving target. 

10 In an exemplary embodiment of the invention, the intrabody radiation source includes 

an implantable position indicator comprising a low activity radiation source. In an exen^laiy 
embodiment of tiie invention, the implantable i>osition indicator includes a fixation element. 
Low activity encompasses any radiation source which does not cause a clinically significant 
degree of cytotoxicity during a period of seven days. In an exemplary embodiment of the 

15 invention, the radiation source has an activity of 10 |iCi or less. 

In an exemplary embodiment of the invention, the radiation source has at least one 
dimension less than 3 mm, optionally less than 2 mm, optionally 1 mm, optionally 0.5 mm or 
lesser or intermediate values. Optionally, the radioactive source is supplied as an 
approximately spherical solid object with a diameter of approximately 0.5 mm or less. 

20 Optionally, the radioactive source is supplied as an approximately spherical adhesive drop with 
a diameter of approximately 3.0 mm or less. 

In an exemplary embodiment of the invention, the position indicator includes a fixation 
element integrally formed with or attached to the source. Optionally, the fixation element is 
adapted to prevent migration and/or unwanted dispersal of the source within the body. 

25 Optionally, the fixation element employs a physical configuration and/or an adhesive material 
and/or a coating to make the source self anchoring. 

Optionally, the position indicator includes a radio-opaque portion. In an exemplary 
embodiment of the invention, the radio-opaque portion allows visualization of the position 
indicator using X-ray based imaging methods. Optionally, visualization is useful during 

30 placement of the position indicator near a target. 

In an exemplary embodiment of the invention, the intrabody radiation source is 
supplied as a kit including an implantable position indicator as described above together with 
an implantation needle adapted to contain the position indicator and an ejection tool adapted to 
expel the position indicator from the injection needle. In an exemplary embodmient of the 
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invention, the position indicator is inserted into the implantation needle at a manufacturing 
facility. Optionally, the ejection tool is inserted into the implantation needle at a manufacturing 
facility. 

An aspect of some embodiments of the present invention relates to a position 
5 determination system configured to determine a position of an intrabody radiation source of the 
type described above with sufficient accuracy to aim a therapeutic device at a target (e.g. 
tumor). Optionally, the therapeutic device includes a cytotoxic beam and/or ablation tool 
and/or biopsy tool. In exemplary embodiments of the invention which include a therapeutic 
beam, position determination optionally occurs whether the beam is operative or inoperative. In 
10 an exemplary embodiment of the invention, the system aims a cytotoxic beam at a tumor. 

bi an exemplary embodiment of the invention, aiming includes moving the target 
and/or subjecting the tool to linear displacement and/or angular displacement. 

In an exemplary embodiment of the invention, position determination system 
determines a series of temporally defined positions of the position indicator as a trajectory, 
15 optionally a cyclically repeating trajectory. Optionally, the therapeutic device is aimed at one 
or more points calculated based on the trajectory at a time when the target is expected to be 
there. 

In an exemplary embodiment of the invention, the system relies upon one or more 
directional sensors to determine the position of the intrabody radiation source. The position 

20 sensors optionally include collimators, which are optionally ring collimators. Optionally the 
beam or tool is aimed at the determined position or at a target with a defined spatial 
relationship with respect to the determined position. The term "aiming" as used herein 
optionally refers to moving a target into a beam path or tool path (or vice-versa) or optionally 
refers to providing information to a user that enables the user to move the target, beam and/or 

25 tool such that the target lies in the tool/beam path. 

In an exemplary embodiment of the invention, the directional sensors are positioned so 
as not to interfere with a therapeutic beam when the beam is operational. Interference may be 
in the form of, for example, scatter, reflection, or absorption. Optionally, the directional 
sensors are positioned in a first location while they are operative and are moved to a second 

30 location when the beam is operative. In an exemplary embodiment of the invention, the 
therapeutic beam is delivered in pulses and the sensors return to the first location afi:er each 
pulse and move back to the second location prior to a subsequent pulse. Optionally, position 
determination by the sensors occurs between pulses. 



6 
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In an exemplary embodiment of the invention, the directional sensors are g^ted so that 
they do not operate while the beam is operative. 

In an exemplary embodiment of the invention, the directional sensors are placed so that 
an amount of radiation from the beam which impinges upon them is reduced. 
5 In some exemplary embodiments of the invention, the system provides the position as 

an output to a radiotherapy system which aims the beam. Optionally, the output is manually 
entered into the radiotherapy system after being displayed to an operator of the radiotherapy 
system. Optionally, the manually entered output may cause the radiotherapy system to aim a 
therapeutic beam source and/or reposition a patient so that a target is in line with the beam. In 
10 an exemplary embodiment of the invention, patient repositioning is accomplished by moving a 
bed and/or ther^y table. 

In some exemplary embodiments of the invention, the position determination system is 
integrated into a radiotherapy system which aims the beam. 

An aspect of some embodiments of the invention relates to use of an injected volvmie of 
15 a bioadhesive glue as a brachytherapy seed or as a carrier for a seed Optionally, the glue 
contains a radio-opaque marker in addition to a radioactive isotope. In an exemplary 
embodiment of the invention, use of a bioadhesive glue reduces seed migration. 

For purposes of this specification and the accompanying claims, the term "position" 
refers to a set of co-ordinates. Optionally, the co-ordinates are 2D or 3D co-ordinates. 
20 Optionally, the co-ordinates are temporally, as well as spatially defined. In some embodiments, 
the methods use locations, for example relative locations or direction. It is noted that the 
position/location/direction may intentionally allow a freedom in the other axes. It is also noted 
that in some embodiments, for example, aiming a tool or a beam, the orientation of the aimed 
item may also be determined. Optionally, an orientation of a body is generated using more than 
25 one implanted markers and solving equations that convert marker positions into a plane the 
markers lie in and relative to which a tool and/or beam may be oriented. 

In an exemplary embodiment of the invention, sensors determine a position within 5, 4, 
3, 2 or 1 seconds. 

In an exemplary embodiment of the invention, the position is determined with an 
30 accuracy of 5, 4, 3, 2 or 1 mm. 

There is provided an implantable position indicator; the position indicator comprising: 
(a) a radioactive source characterized by an activity which does not cause clinically 
significant cytotoxicity in a period of seven days; and 
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(b) a fixation element integrally fonned with or attached to said source, the fixation 
element adapted to prevent migration of the source within the body. 

Optionally, the fixation element additionally prevents dispersal of the source within the 

body 

5 Optionally, the activity is less than 100 jiCi. 

Optionally, the activity is less than 50 \iCi. 

Optionally, the activity is less than 25 \xCi. 

Optionally, the activity does not exceed 10 \xCi. 

Optionally, the fixation element includes a solid substrate. 
10 Optionally, at least a portion of the solid substrate is characterized by a curved 

configuration, the curved configuration characterized by an elastic memory. 

Optionally, the curved configuration includes at least a portion of a spiral or helix. 

Optionally, the position indicator includes at least one filament characterized by an 
elastic memory, 

15 Optionally, the solid substrate is at least partially coated with a bioadhesive material. 

Optionally, the fixation element includes an adhesive material. 
Optionally, the fixation element functions as a biocompatible coating. 
Optionally, the position indicator includes a radio-opaque portion. 
In an exemplary embodiment of the invention, there is provided a method of aiming a 
20 therapeutic beam, the method comprising: 

(a) implanting a source of radioactive emissions, optionally characterized by an activity 
which does not cause clinically significant cytotoxicity in a period of 7 days in a patient at a 
geometric relationship to a target tissue. Optionally, the source is attached to, or integrally 
formed with, a fixation element and has a biocompatible outer surface; 
25 (b) employing at least one position sensor to determine a position of said source based 
upon the radioactive emissions; and 

(c) employing said position and said relationship to align a therapeutic beam and said 
target with one another. 

Optionally, the source is characterized by an activity which does not cause clinically 

30 significant cytotoxicity in a period of 7 days. 

Optionally, the method includes determining said geometric relationship between said 

target and said source. 

Optionally, the position sensor employs at least one radiation shield. 

Optionally, the position sensor employs a collimator. 

8 
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i Optionally, the method includes registration of a first position co-ordinate system 

employed by said sensor and a second position co-ordinate system employed by a beam aiming 
mechanism with respect to one another. 
Optionally, the method includes: 
5 (d) irradiating said target with a therapeutic dose of radiation emanating fi-om said beam. 
Optionally, the method includes alternating between (b) and (d). 

Optionally, the method includes deploying said position sensor so that an amount of 
radiation originating fi-om said beam and impinging on said sensor does not significantly affect 
an ability of said sensor to determine a position of said source 
10 Optionally, the method includes configuring said position sensor with an energy 

window which substantially excludes radiation originating from said beam and includes a 
significant portion of radiation emanating from said source. 

Optionally, (c) includes moving said target to a desired position. 

Optionally, (c) includes moving said therapeutic beam to a desired position. 
15 Optionally, (c) includes subjecting said therapeutic beam to an angular adjustment. 

In an exemplary embodiment of the invention, there is provided a therapy system, the 
system comprising; 

(a) a source of radioactive emissions optionally characterized by an activity which does not 
cause clinically significant cytotoxicity in seven days, altematively or additionally, the source 

20 optionally attached to, or integrally formed with, a fixation element and having a 
biocompatible outer surface. The source is optionally implanted in a patient at a fixed 
geometric relationship to a target; 

(b) a position sensing module capable of determining a position of said source based upon 
the radioactive emissions and providing a position ou^ut signal, responsive to the 

25 determination; 

(c) control circuitry configured to receive the position output signal, calculate a target 
location based upon the position output signal and the geometric relationship and provide 
target coordinates to a beam-target alignment mechanism; 

(d) a beam source; and 

30 (e) a beam-target alignment mechanism configured to align said beam source and said 
target according to said target coordinates. 

Optionally, the activity is in the range of 1 ^Ci to 100 \xCi. 

Optionally, the iK>sition sensing module employs at least one position sensor which 
employs at least one radiation shield. 
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^ Optionally, the position sensor employs a collimator. 

Optionally, the therapy system includes: 
(f) circuitry adapted for registration of a first position co-ordinate system employed by said 
sensor module and a second position co-ordinate system employed by a beam aiming 
5 mechanism with respect to one another. 

Optionally, the therapy system alternates between operation of (b) and (d). 
Optionally, the therapy system is configured to ignore ou^ut from and/or disable 
position sensing module of (b) while (d) is in operation. 

Optionally, the position sensor is positioned so that an amoimt of radiation originating 
10 firom said beam and impinging on said sensor does not significantly affect an ability of said 
sensor to determine a position of said source. 

Optionally, the position sensor is configured with an energy window which 
substantially excludes radiation originating fi-om said beam and includes a significant portion 
of radiation emanating from said source. 
IS Optionally, the beam-target alignment mechanism is configured to move said target to a 

desired position in response to said target co-ordinates. 

Optionally, the beam-target alignment mechanism is configured to move said 
therapeutic beam to a desired position. 

Optionally, the beam-target alignment mechanism is configured to subject said 
20 therapeutic beam to an angular adjustment. 

In an exemplary embodiment of the invention, there is provided an implantation kit, the 
kit comprising: 

(a) a radioactive source having a biocompatible outer surface, the source characterized by 
an activity which does not cause clinically significant cytotoxicity and coupled to or integrally 

25 formed with a fixation element; 

(b) an injection needle containing the source; and 

(c) an ejection mechanism adapted to eject said source from said needle into a subject. 
Optionally, the activity is in the range of 1 |j.Ci to 100 ^iCi. 

Optionally, the activity does not exceed 10 |aCi. 
30 Optionally, the fixation element includes a solid substrate. 

Optionally, at least a portion of the solid substrate is characterized by a curved 
configuration, the curved configuration characterized by an elastic memory. 

Optionally, the curved configuration includes at least a portion of a spiral or helix. 

10 
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Optionally, the source includes at least one filament characterized by an elastic 
memory. 

Optionally, the solid substtate is at least partially coated with a bioadhesive material. 
Optionally, the fixation element includes an adhesive material. 
5 Optionally, the fixation element functions as a biocompatible coating. 

Optionally, the source includes a radio-opaque portion. 

In an exemplary embodiment of the invention, there is provided a method of aiming an 
external device, the method comprising: 

(a) implanting a source of radioactive disintegrations optionally characterized by an 
10 activity which does not cause clinically significant cytotoxicity, the source being implanted in a 

subject at a fixed geometric relationship to a target. Optionally, the source being attached to, or 
integrally formed with, a fixation element and having a biocompatible outer surface; 

(b) determining said fixed geometric relationship between said target and said source; 

(c) employing at least one position sensor to determine a position of said source based 
IS upon the radioactive disintegrations; and 

(d) employing said position and said relationship to align an external tool and said target 
with one another. 

Optionally, the external tool includes a therapeutic beam. 
Optionally, the external tool includes a light beam. 
20 Optionally, the external tool includes an excision tool. 

In an exemplary embodiment of the invention, there is provided a therapy system, the 
system comprising; 

(a) a source of radioactive disintegrations optionally characterized by an activity which 
does not cause clinically significant cytotoxicity. Optionally, the source being attached to, or 

25 integrally formed with, a fixation element and/or having a biocompatible outer surface. The 
source being implanted in a subject at a fixed geometric relationship to a target; 

(b) a tool; 

(c) a position sensing module capable of determining a position of said source based upon 
the radioactive disintegrations and providing the position as a position ou^ut signal; 

30 (d) control circuitry configured to receive the position output signal, calculate a target 
location based upon the position output signal and the geometric relationship and provide 
target coordinates to a tool-target aligtmient mechanism; and 

(e) the tool-target alignment mechanism configured to align said tool and said target 
according to said target coordinates. 

11 
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Optionally, the tool includes a therapeutic beam. 
Optionally, the tool includes a light beam. 
Optionally, the tool includes an excision tool. 

In an exemplary embodiment of the invention, there is provided a radiation source, the 
5 source consisting essentially of: 

(a) at least one radioactive isotope; and 

(b) a quantity of biocompatible adhesive containing said isotope. 

There is also provided in accordance with an exemplary embodiment of the invention, a 
method of aiming a therapeutic beam, the metiiod comprising: 
10 (a) implanting a source of radioactive emissions in a patient at a position having a 
geometric relationship to a target tissue; 

(b) determining at least an indication of a location of said source using at least one 
radioactivity detecting position sensor; and 

(c) automatically aiming a therapeutic beam at said target based on said at least an 
1 5 indication of location. 

In an exemplary embodiment of the invention, said geometric relationship is known 
prior to said implanting. 

In an exemplary embodiment of the invention, said geometric relationship is 
determined after said implanting using imaging. 
20 In an exemplary embodiment of the invention, automatically aiming comprises 

maintaining said aim while at least one of said target and said beam move. 

In an exemplary embodiment of the invention, said determined location is a location 
relative to said sensor. 

In an exemplary embodiment of the invention, determining at least an indication of a 
25 location comprises determining a direction. 

In an exemplary embodiment of the invention, said position sensor generates a direction 

signal. 

In an exemplary embodiment of the invention, the location is determined in three 
dimensions. 

30 In an exemplary embodiment of the invention, the source is characterized by an activity 

which does not cause clinically significant cytotoxicity in a period of 7 days. 

In an exemplary embodiment of the invention, the source is attached to, or integrally 
formed with, a tissue fixation element adapted to maintain said source in said geometrical 
relationship. 

12 
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In an exemplary embodiment of the invention, the source includes a biocompatible 
outer surface. 

In an exemplary embodiment of the invention, the source location is determined with an 
error not exceeding 2 mm. 
5 In an exemplary embodiment of the invention, the source location is determined with an 

error not exceeding 1 mm. 

In an exemplary embodiment of the invention, determining at least an indication of a 
location comprises determining a series of location indications as affected by a physiological 
motion cycle. Optionally, said cycle comprises breathing. 
10 In an exemplary embodiment of the invention, determining at least an indication of a 

location comprises providing a series of temporally defined locations which define a trajectory. 

In an exemplary embodiment of the invention, the method comprises registering a first 
position co-ordinate system employed by said sensor and a second position co-ordinate system 
employed by a beam aiming mechanism with respect to one another. 
15 In an exemplary embodiment of the invention, the method comprises: 

(d) irradiating said target with a therapeutic dose of radiation using said beam. Optionally, 
the method comprises alternating between (c) and (d). Alternatively or additionally, the method 
comprises positioning at least one of said position sensor and said beam so that an amount of 
radiation originating from said beam and impinging on said sensor does not significantly affect 
20 an ability of said sensor to determine a location of said source. 

In an exemplary embodiment of the invention, (c) includes moving said target to a 
desired location. 

In an exemplary embodiment of the invention, (c) includes moving said therapeutic 
beam to a desired position. 
25 In an exemplary embodiment of the invention, (c) includes subjecting said therapeutic 

beam to an angular adjustment. 

In an exemplary embodiment of the invention, the method comprises supporting said 
patient using a frame mechanically coupled to said at least one radioactivity detecting position 
sensor. 

30 In an exemplary embodiment of the invention, (c) comprises at least one of aiming said 

beam to miss said senor and moving said sensor to be out of a path of said beam. Optionally, 
the method comprises predetermining a motion of the at least one position sensor to avoid 
irradiation by said beam. Optionally, the method comprises selecting a location for said at least 
one sensor, taking into account a desired therapy of said target, said location designed to avoid 

13 
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said beam. Alternatively or additionally, the method comprises using an angle of a patient 
couch adapted for receiving said patient and an angle of said beam to determine an expected 
interaction between said beam and said at least one sensor. 

There is also provided in accordance with an exemplary embodiment of the invention, a 
5 therapy system, the system comprising: 

(a) a position sensing module capable of determining at least an indication of a location of 
an implantable radioactive source based upon radioactive emissions of said source and 
providing a position output signal, responsive to the determination; 

(b) control circuitry configured to receive the position ou^ut signal, calculate an alignment 
10 correction based on said signal and provide said correction to a beam-target alignment 

mechanism; 

(c) a beam source; and 

(d) a beam-target alignment mechanism configured to align said beam source and said 
target according to said correction. Optionally, the target location is defined in three 

15 dimensions. Alternatively or additionally, said alignment mechanism is configured to align 
based on a desired therapeutic effect. Alternatively or additionally, said alignment mechanism 
is configured to align based on a desired safety effect. Alternatively or additionally, said 
alignment mechanism is configured to align based on a desired lack of interaction between said 
module and said beam. Alternatively or additionally, the sensing module is capable of 
20 determining a location indication in less than 1 second and an accuracy of better than S mm, for 
a source characterized by an activity which does not cause clinically significant cytotoxicity in 
a period of 7 days. Optionally, the activity is in the range of l|iCi to 300 ixCl Optionally, the 
activity is in the range of 1 |iCi to 100 |iCi. 

In an exemplary embodiment of the invention, the position sensing module employs at 
25 least one position sensor which employs at least one radiation shield. Optionally, the position 
sensor employs a collimator. 

In an exemplary embodiment of the invention, the position sensor employs a 
differential radiation detector. 

In an exemplary embodiment of the invention, the position sensor employs a rotating 
30 radiation sensor with angular sensitivity. 

In an exemplary embodiment of the invention, the target location is calculated with an 
error not exceeding 2mm. 

In an exemplary embodiment of the invention, the target location is calculated with an 
error not exceeding 1 mm. 
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In an exemplary embodiment of the invention, said control circuitry is configured for 
registering a first position co-ordinate system employed by said sensor module and a second 
position co-ordinate system employed by a beam aiming mechanism with respect to one 
another. 

5 In an exemplary embodiment of the invention, the system is configured to alternate 

between position sensing and patient irradiation. 

In an exemplary embodiment of the invention, the system is configured to ignore a 
position output signal generated while said beam is in operation. 

In an exemplary embodiment of the invention, the system is configured to inactivate 
10 said position sensing module while said beam is in operation. 

In an exemplary embodiment of the invention, said position sensing module is 
positioned so that an amount of radiation originating from said beam and impinging on said 
position sensing module does not significantly afTect an ability of said position sensing module 
to determine a position of said source. 
15 In an exemplary embodiment of the invention, said beam-target alignment mechanism 

is configured to move said target to a desired position in response to said target co-ordinates. 

In an exemplary embodiment of the invention, said beam-target alignment mechanism 
is configured to move said therapeutic beam to a desired position. 

In an exemplary embodiment of the invention, said beam-target alignment mechanism 
20 is configured to subject said therapeutic beam to an angular adjustment. 

In an exemplary embodiment of the invention, the control circuitry is adapted to 
provide the correction as a series of temporally defined sets of co-ordinates which define a 
trajectory. 

In an exemplary embodiment of the invention, a position sensor of the position sensing 
25 module is provided within a patient support adapted to hold a patient during therapy. 

In an exemplary embodiment of the invention, the system includes at least one radiation 
shield adapted to be shield said sensor ft"om radiation, by movement of at least one of said 
sensor and said shield. Alternatively or additionally, said patient support is rotatable. 

In an exemplary embodiment of the invention, said sensing module is adapted to move 
30 within said support. 

In an exemplary embodiment of the invention, the system includes a sensor 
displacement mechanism adapted to position at least one sensor of the position sensing module 
outside of a beam path when the beam source is operative. 

15 
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There is also provided in accordance with an exemplary embodiment of tiie invention, a 
method of aiming a therapeutic beam, the method comprising: 

(a) implanting a source of radioactive emissions in a patient at a position having a 
geometric relationship to a target tissue; 
5 (b) detecting said source using at least one radioactivity detecting position sensor; and 
(c) automatically aiming a therapeutic beam at said target based on detecting. 

There is also provided in accordance with an exemplary embodiment of the invention, a 
therapy control system, the system comprising: 

(a) a position sensing module configured to determine at least an indication of a location of 
10 an implantable radioactive source based upon radioactive emissions of said source and 

providing a position output signal, responsive to the determination; and 

(b) control circuitry configured to receive the position output signal and calculate and 
output at least one of target coordinates and tool aiming instructions to an output channel, 
based upon the position output signal. 

15 There is also provide din accordance with an exemplary embodiment of the invention, a 

method of guiding a tool, the method comprising: 

(a) implanting a source of radioactivity at a position having a geometric relationship to a 
target tissue; 

(b) determining at least an indication of a location of said source using at least one 
20 radioactivity detecting position sensor; and 

(c) positioning a tool at a desired relative location witii respect to said target tissue based 
on said determined location. 

Optionally, said geometric relationship is known prior to said implanting. 
In an exemplary embodiment of the invention, said geometric relationship is 
25 determined after said implanting using imaging. 

In an exemplary embodiment of the invention, the method comprises: 

(d) causing at least a portion of said tool to enter the patient and approach said target tissue. 
In an exemplary embodiment of the invention, positioning comprises maintaining said 

relative location while at least one of said target and said tool move. 
30 In an exemplary embodiment of the invention, determining at least an indication of a 

location comprises determining a direction. 

In an exemplary embodiment of the invention, said position sensor generates a direction 

signal. 
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In an exemplary embodiment of the invention, the positioning includes positioning 
directed by a positioning mechanism. 

In an exemplary embodiment of the invention, the positioning includes manual 
positioning. 

5 In an exemplary embodiment of the invention, the method comprises tracking a 

position of said tool. Optionally, said tracking utilizes a non-ionizing position sensing method. 

In an exemplary embodiment of the invention, the method comprises determining an 
orientation of said tool. 

In an exemplary embodiment of the invention, the method comprises determining a 
1 0 relative position of said tool and said sensor. 

In an exemplary embodiment of the invention, the location is defined in three 
dimensions. 

In an exemplary embodiment of the invention, the location is defined as a relative 
location with respect to the target tissue. 
15 In an exemplary embodiment of the invention, the source is characterized by an activity 

which does not cause clinically significant cytotoxicity in a period of 7 days. 

In an exemplary embodiment of the invention, the source is attached to, or integrally 
formed with, a fixation element. 

In an exemplary embodiment of the invention, the source includes a biocompatible 
20 outer surface ad^ted to maintain said source in said geometrical relationship. 

In an exemplary embodiment of the invention, the source location is calculated with an 
error not exceeding 2 mm. 

In an exemplary embodiment of the invention, the source location is calculated with an 
error not exceeding 1 mm. 
25 In an exemplary embodiment of the invention, determining at least an indication of a 

location comprises determining a series of indications of locations as affected by a 
physiological motion cycle. Optionally, said cycle comprises breathing. 

In an exemplary embodiment of the invention, causing at least a portion of said tool to 
enter the patient is timed with respect to the physiological motion cycle. 
30 In an exemplary embodiment of the invention, determining an indication of a location 

comprises providing a series of temporally defined locations which define a trajectory. 

In an exemplary embodiment of the invention, the method comprises registering of a 
first position co-ordinate system employed by said sensor and a second position co-ordinate 
system employed by the tool with respect to one another. 
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In an exemplary embodiment of the invention, the method comprises: 
(e) removing at least a portion of said target tissue with said tool. 

In an exemplary embodiment of the invention, the method comprises: 
(e) delivering a therapeutic agent to said target tissue with said tool. 
5 In an exemplary embodiment of the invention, the method comprises repositioning the 

tool at least one time and removing at least one additional portion of said target tissue. 

In an exemplary embodiment of the invention, the positioning includes moving said 
tool to a desired position. 

In an exemplary embodiment of the invention, the positioning includes subjecting said 
1 0 tool to an angular adjustment. 

In an exemplary embodiment of the invention, the method comprises supporting said 
patient by a frame mechanically coupled to said at least one radioactivity detecting position 
sensor. 

In an exemplary embodiment of the invention, the method comprises attaching a tool 
IS control unit to a frame mechanically coupled to said position sensor. 

In an exemplary embodiment of the invention, the method comprises providing the at 
least one position sensor within a piece of furniture adapted to hold a patient during therapy. 

In an exemplary embodiment of the invention, said tool includes a light beam. 

There is also provided in accordance with an exemplary embodiment of the invention, a 
20 therapy system, the system comprising; 

(a) a position sensing module capable of determining a position of an implantable 
radioactive source based upon radioactive emissions of said source and providing a position 
output signal, responsive to the determination; 

(b) control circuitry configured to receive ttie position ou^ut signal, calculate a target 
25 location based upon the position ou^ut signal and provide at least an indication of target 

coordinates to an output; and 

(c) an output adapted to receive said indication of target coordinates and adapted to assist 
in positioning a tool towards said target. Optionally, said output comprises: 

(d) a tool positioning mechanism configured to position said tool with respect to said target 
30 according to said target output signal. Alternatively or additionally, said output comprises a 

visual display. Alternatively or additionally, the target co-ordinates are defined in three 
dimensions. Alternatively or additionally, said control circuitry is configured to generate said 
coordinates based on a desired therapeutic procedure. Optionally, said control circuitry is 
configured to generate said coordinates based on a desired safety effect 
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In an exemplary embodiment of the invention, the sensing module is cs^able of 
detemiining a position in less than 1 second and an accuracy of better than 5 mm, for a source 
characterized by an activity which does not cause clinically significant cytotoxicity in a period 
of 7 days. Optionally, the activity is in the range of 1 \xCi to 300 ^iCi. Optionally, the activity is 
5 in the range of 1 ^iCi to 1 00 |iCi. 

In an exemplary embodiment of the invention, the position sensing module employs at 
least one position sensor which employs at least one radiation shield. Optionally, the position 
sensor employs a collimator. 

In an exemplary embodiment of the invention, the position sensor employs a 
10 difTerential radiation detector. 

In an exemplary embodiment of the invention, the position sensor employs a rotating 
radiation sensor with angular sensitivity. 

In an exemplary embodiment of the invention, the target coordinates are provided with 
an error not exceeding 2 mm. 
15 In an exemplary embodiment of the invention, the target coordinates are provided with 

an error not exceeding 1 mm. 

In an exemplary embodiment of the invention, said control circuitry is configured for 
registering a first position co-ordinate system employed by said sensor module and a second 
position co-ordinate system employed by the tool-target alignment mechanism with rcspect to 
20 one another. 

In an exemplary embodiment of the invention, said tool alignment mechanism is 

configured to move said tool to a desircd position. 

In an exemplary embodiment of the invention, said tool alignment mechanism is 

configured to subject said tool to an angular adjustment. 

25 In an exemplary embodiment of the invention, the target output signal comprises a 

series of temporally defined sets of co-ordinates which define a trajectory. 

In an exemplary embodiment of the invention, the position sensing module comprises 

at least one position sensor installed within a patient support adapted to hold a patient during 

therapy. Optionally, at least a portion of said sensing module is positionable within said 

30 support. Optionally, at least one sensor of said sensing module is adapted to move 

independently of at least one additional sensor of said sensing module. 

BRIEF DESCMPTION OF DRAWINGS 

In the Figures, identical structures, elements or parts that appear in more than one 

Figure are generally labeled with the same numeral in all the Figures in which they appear. 
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Dimensions of components and features shown in the Figures are chosen for convenience and 
clarity of presentation and are not necessarily shown to scale. The Figures are listed below. 

Figs. lA, IB, IC and ID are schematic representations of radiation therapy systems 
according to exemplary embodiments of the invention; 
5 Fig. IE is a schematic representation of a medical therapy system according to an 

exemplary embodiment of the invention which positions an external tool (e.g. biopsy needle); 

Fig. 2 is a simplified flow diagram of a therapeutic process according to an exemplary 
embodiment of the invention; 

Fig. 3 is a simplified flow diagram of an implantation procedure according to an 
10 exemplary embodiment of the invention; 

Figs. 4A and 4C are schematic representations of position indicators according to 
exemplary embodiments of the invention; 

Figs. 4B and 4D are schematic representations of the position indicators according to 
exemplary embodiments of the invention depicted in Figs. 4A and 4C respectively loaded in an 
1 5 injection needle; 

Fig. 5 is a side view of one exemplary embodiment of directional position sensor 
suitable for use in some exemplary embodiments of the invention; 

Figs. 6A and 6B are side views of exemplary embodiments of injection tools suitable 
for use in injection of bioadhesive materials according to some embodiments of the invention; 
20 Fig. 7 is a schematic representation of temporal gating of therapy and position 

determination for a moving target; and 

Fig. 8 is a schematic representation of a medical system including an external 
positionable position sensor, in accordance with an exemplary embodiment of the invention. 
DETAILED DESCMPTION OF EMBODIMENTS 

25 Overview 

Figs. 1 A and IB are schematic representations of exemplary radiation therapy systems 
100 which rely upon radioactive disintegrations produced by an intrabody radiation source 
which can be in the form of a position indicator 400 located within a body of a patient 120. 
Position indicator 400 is optionally within, adjacent to or at a known geometric relationship 
30 with respect to a target tissue 130. Optionally, target tissue 130 is a tumor. Optionally, the 
implantation position and geometric relationship are selected ahead of time. Alternatively or 
additionally, the relationship may be determined afler implanting, for example, by manual or 
automatic analysis of x-ray or CT images of the patient. Optionally, more than one marker is 
implanted, for example to assist in determining patient orientation. 
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In an exemplary embodiment of the invention, source 400 broadcasts its location 
radially outward as photons resulting from radioactive disintegrations. Optionally, a portion of 
tills broadcast is received by one or more directional sensors ISO deployed for that purpose. 
Exemplary sensors 150 are described in co-pending application PCT/IL2005/000871 filed on 

5 August 11, 2005, the disclosure of which is incorporated herein by reference. A summary of 
that description appears hereinbelow with reference to Fig. 5. 

In an exemplary embodiment of the invention, sensors 150 employ collimators, 
optionally ring collimators, to determine a direction from which photons resulting from 
radioactive disintegrations originate. Optionally, each direction is expressed as a plane or as a 

10 linear vector. Optionally, two sensors ISO including ring collimators indicate a pair of lines 
which cross at a single point corresponding to a position of position indicator 400. In an 
exemplary embodiment of the invention, tiiree or more sensors 150 are employed to increase 
the accuracy of a determined location. In an exemplary embodiment of the invention, three or 
more sensors 150 including collimators, optionally slat collimators, indicate planes which cross 

15 at a single point corresponding to a position of position indicator 400. 

Fig. lA illustrates an exemplary semiautomatic system 100 for aiming a therapeutic 
radiation beam 110. In an exemplary embodiment of the invention, beam 1 10 is configured to 
deliver a cytotoxic dose of radiation to a target, for example a tumor. In additional exemplary 
embodiments of the invention, beam 110 is generally indicative of any extemal tool which is 

20 aimable. Optionally, such extemal aimable tools include, but are not limited to biopsy tools 
(e.g. needles), ablation tools (e.g. electrodes or ultrasonic probes) and laser beams. 

According to the pictured exemplary system, sensors 150 adjust their direction to 
optimize reception of the incident particles resulting from radioactive disintegrations. Once 
reception is optimized, each sensor indicates a direction to tracking system processor 170. 

25 Processor 170 calculates a position from the direction input supplied by all of sensors 150. 
Optionally, processor 170 corrects for a known spatial displacement between position indicator 
400 and target tissue 130. Optionally, the nearest point of approach of the two, optionally three 
or more, lines, or three, optionally four or more, planes, is deemed to be the point at which the 
lines or planes cross. 

30 As indicated in Fig. 1, sensors 150 may optionally be deployed above patient 120 (e.g. 

around beam source 110 as in Fig. lA) and/or below patient 120 (e.g. built into the 
examination table as in Figs. IB, IC and ID). 
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In an exemplary embodiment of the invention, positioning sensors ISO around beam 
source 110 as depicted in Fig. lA prevents scatter and/or reflection, and/or absorption of a 
therapeutic beam by ensuring that sensors 1 50 are not in a path of the beam. 

In other exemplary embodiments of the invention, positioning sensors 150 below the 

5 patient as depicted in Fig. IB can make scatter and/or reflection, and/or absorption of a 
therapeutic beam a potential problem if sensors 1 50 are in a path of the beam. A solution to this 
potential problem is provided by exemplary embodiments depicted in Figs. IC and ID which 
are described hereinbelow. 

In the exemplary semi-automatic system shown, processor 170 supplies a position 

10 output signal to positioning user interface 190. An operator of the system then supplies the 
position to radiation system processor 180 which responds by adjusting platform translation 
mechanism 197 so that radiation beam source 110 is aimed at target 130. An exemplary 
semiautomatic system of this type may be useful, for example, in a retrofit situation in which 
system 100 was not originally designed to employ a position indicator 400. 

15 Fig. lA also illustrates exemplary fully automatic embodiments in which tracking 

system processor 170 communicates the position output signal directly to radiation system 
processor 180 and/or translation mechanism 197 installed in the examination table. According 
to this exemplary embodiment of the invention radiation beam source 110 is aimed at target 
130 without additional operator input, 

20 Fig. IB depicts additional exemplary embodiments of the invention in the context of a 

radiosurgery system in which the beam source 110 (e.g. a LINAC) is mounted on a robotic arm 
195 (e.g. CyberKnife Accuray; Sunnyvale; CA, USA), mounted on a base 116 (e.g., attached to 
a ceiling, a wall, a frame and/or a floor). As described above, sensors 150 are mounted either in 
the examination table or adjacent to LINAC 1 10. In this exemplary system 100, processor 170 

25 commimicates the position output signal directly to radiation system processor 180 and/or 
robotic arms 195 supporting beam source 110. According to this exemplary embodiment of the 
invention radiation beam source 1 10 is aimed at target 130 without additional operator input. 

Fig. IC depicts a patient bed 140 including moveable sensors 150 adapted for use in 
some exemplary embodiments of system 100. Optionally, bed 140 includes a base 144 which 

30 rotates about a standard motorized turntable 146. This arrangement permits adjustment of a 
patient with respect to a projected path of a cytotoxic beam. 

In an exemplary embodiment of the invention, each of sensors 150 is movable, 
optionally independently, by a sensor displacement mechanism 156. Alternatively or 
additionally, platform 142 is movable by platform translation mechanism 197, Optionally, 
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displacement mechanism 156 and/or translation mechanism 197 employ a drive mechanism 
such as, for example, a matched gear and toothed rail operated by a step motor. One of 
ordinary skill in the art will be able to construct a suitable drive mechanism from commercially 
available parts. Mechanisms 156 and 197 permit sensors 150 and the patient laying on platform 
5 142 to be independently positioned at desired locations with respect to an incident radiation 
beam. 

In an exemplary embodiment of the invention, sensors 150 are mounted in a hollow 
platform 142 constmcted of carbon fiber. Optionally, sensors 150 roll back and forth along 
tracks within the shell. While linear axial tracks are shown, optionally, other shaped tracks are 
10 used, for example one or more of axial, transaxial and/or curved. 

In an exemplary embodiment of the invention, the sensors are adapted to move so that 
they are protected from the beam by a radiation shield, for example a shield integrated into 
platform 142. In some cases, the shield protects the sensor from scattered radiation, rather than 
form direct radiation. Optionally, the shield is used in addition to moving the sensor out of the 
15 beam path. Altematively or additionally, a separate shield element is provided (e.g., above the 
sensors) which is selectively moved to protect the shields. Optionally, the shield element 
moves on gears and tracks as shown for the sensors. Optionally, the sensor is rotated away 
from the beam so that its back can serve as the shield element. 

A great number of commercially available platforms 142 including turntables 146 are 
20 suitable for use in the context of the invention. One example of such a platform including a 
tumtable is Exact Couch, Varian Medical Systems; Palo Alto; CA, USA. In an exemplary 
embodiment of the invention, tumtable 146 is controlled by system processor 180. In the 
pictured embodiment, tumtable 146 rotates in a plane of the floor (F). Sensors ISO are 
optionally deployed in platform 142. In an exemplary embodiment of the invention, rotation of 
25 tumtable 146 contributes to aligning a target within a patient in a desired orientation with 
respect to a therapeutic beam. 

Optionally, platform 142 is the same width and length as standard radiation therapy 
couches and is 8- 10cm thick instead of the standard 5-7cm thick. The extra thickness allows 
room for sensors 150 inside. In an exemplary embodiment of the invention, sensor modules 
30 150 are 8cm high, 45cm wide (in direction of bed width) and 25cm long (in direction of bed 
length). Optionally, rotating parts of the sensor rotate within these dimensions. 

In an exemplary embodiment of the invention, platform 142 is constructed as a carbon 
fiber shell. Optionally, portions of the shell not occupied by sensors 150 and/or mechanism 156 
and/or 197 are filled with Styrofoam. Optionally, Styrofoam filling provides added strength 
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and/or structural integrity to platform 142. In an exemplary embodiment of the invention, 
platform 142 is hollow and is constructed to provide adequate strength and/or structural 
integrity without a Styrofoam filling. 

Optionally, a 1 to 2 mm thickness of carbon fiber above and/or below sensors 1 50 is 
5 provided. In an exemplary embodiment of the invention, the 1 to 2 mm thickness of carbon 
fiber is sufficiently rigid to insulate a patient fi-om motion of sensor 150 and/or to protect 
sensor 150 Irom patient weight. 

Fig ID depicts an exemplary system 100 including a patient bed 140 as described above 
together with a linear accelerator (LINAC) beam source 110 mounted on a robotic arm 195. 

10 Fig. ID illustrates how turntable 146 and a rotation module 1 14 act in concert to aim beam 1 12 
so that it passes between sensors 150. 

Robotic arms are well known in the art and a large number of commercially available 
products exist which include a robotic arm suitable for use in the context of the invention. Arm 
195 rotates in a plane of a wall (W). Rotation of arm 195 is subject to control of system 

15 processor 180 via rotation module 1 14. This rotation in the W plane complements rotation in 
the F plane provided by turntable 146. 

In an exemplary embodiment of the invention, system processor 180 adjusts rotation 
module 114 and/or tumtable 146 and/or displacement mechanisms 156 and/or 197 so that beam 
112 of LINAC 110 passes between sensors 150 in platform 142. 

20 In the depicted exemplary embodiment of the invention, sensors 150 are moved by 

displacement mechanisms 156 so that they are in a first position when beam 112 is operative 
and in a second position when beam 1 12 is inoperative. Optionally, this switching between two 
positions prevents interference with beam 112 and/or reduces scatter of energy fix>m beam 112 
and/or permits more accurate position determination of position indicator 400, optionally in 

25 tumor 130. Mechanism 197 permits beam 1 12 to be aimed at substantially any position on or 
slightly above platform 142. In an exemplary embodiment of the invention, a target 130 within 
subject 120 in a location determined by sensors 150 and tracking system processor 170 is used 
to position the target in the path of beam 112 via instmctions issued fi'om system processor 
180. 

30 In an exemplary embodiment of the invention, each of tumtable 146 and rotation 

module 114 are independently operable to rotate through a range of ±30; ±45, ±60, ±90, or 
±180 degrees or lesser or greater or intermediate amounts of rotation. Optionally, tumtable 146 
and rotation module 114 are each independently under the control of processor 170 and/or 
processor 180. 
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Rotation of platform 142 and/or beam source 110 is well known in fhe art and is 
described in, for example Baglan et al. (2003) Int J Radiat Oncol Biol Phys. 55(2):302-ll and 
Lam et al. (2001) Med Dosim. 26(1):1 1-5. These publications are fully incorporated herein by 
reference. These publications describe rotation of turntables 146 and/or rotation module 1 14 to 
5 avoid irradiation of non-target tissue. Calculations of appropriate angles for tissue sparing are 
typically performed by treatment planning software which is well known and widely available 
to those of ordinary skill in the art. However, standard treatment planning software does not 
consider the potential impact of a beam 1 12 on any object outside the body of a patient 

According to exemplary embodiments of the invention, system processor 180 prevents 

10 contact of beam 112 with sensors ISO using a rotation strategy similar to that employed for 
tissue sparing. Prevention of contact of beam 112 with sensors ISO involves altering the 
treatment planning software to consider the position(s) of sensor(s) ISO located outside the 
body. Optionally, positions of sensors ISO are adjusted using mechanisms 1S6 to move them 
out of a path of beam 112 when flie beam is operative. 

IS In an exemplary embodiment of the invention, two sensors ISO are spaced 20 cm apart 

so that processor 180 can aim beam 112 between them without interference. A typical 
therapeutic radiation beam has a width of 10cm to 15cm, Optionally, System processor 180 
performs a series of calculations which consider displacement of platform 142, displacement of 
sensors 150, rotation of turntable 146, rotation of rotation module 1 14, position of beam source 

20 1 10, and projected path of beam 1 12. In an exemplary embodiment of the invention, positions 
of sensors ISO are supplied to processor 180 as position co-ordinates which are registered with 
respect to target 130. Optionally, processor 180 expands the co-ordinates of sensors ISO to 
volumes which indicate the actual size of the sensors. 

Fig IE depicts an exemplary system 100 adapted for biopsy or surgical excision and 

2S including sensors ISO and an excision tool 198. Pictured exemplary system 100 includes a 
patient bed 140 comprising a platform 142 and base 140. For biopsy and/or excision 
procedures, platform 142 may be fixed with respect to base 140. 

In the pictured embodiment, sensors 150 are mounted within platform and may be 
positioned relative to patient 120 and/or target 130 and/or position indicator 400 by means of 

30 displacement mechanism 156 as described above. Optionally, this type of arrangement permits 
a same bed 140 to be used for targets 130 located in different portions of patient 120. 

Excision tool 198 is independently positionable with respect to target 130 and/or 
position indicator 400. In an exemplary embodiment of the invention, positioning of tool 198 is 
via a mechanism subject to control of processor 180, for example by means of a robotic arm 
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195 controlled by arm control unit 196. In another exemplary embodiment of the invention, 
tool 198 is hand-manipulated and an operator of the tool receives a signal indicating how to 
adjust position and/or approach angle. In an exemplary embodiment of the invention, the signal 
is a displayed graphic signal, for example, showing a 2D or 3D suggested trajectory and a 
5 current position and/or orientation of the tool. Optionally, a virtual 3D scene is displayed 
showing the target as it would be seen from a view point, for example, by a camera located on 
the tool. Altematively or additionally, the signal is acoustic, for example, tones to indicate that 
a tool is on track and/or tones to indicate that a tool is off-track and/or a direction in which to 
move the tool. Optionally, the tool has attached thereto one or more LEDS or other display 

10 elements (not shown) which indicate if the tool is correctly positioned (e.g., red/green light) 
and/or a direction to move the tool in (e.g., 4 lights each pointing in a different direction). 

In an exemplary embodiment of the invention, position indicator 400 has been 
implanted previously via injection. Optionally, the injection of indicator 400 has been 
conducted concurrently with a previous procedure, e.g. a biopsy or brachytherapy treatment. 

15 In an exemplary embodiment of the invention, tool 198 on arm 195 is tracked by a tool 

tracking module which measures its position. The tool tracking module may optionally be 
independent of sensors 150 or rely upon sensors 150. In an exemplary embodiment of the 
invention, an additional position indicator 400' is applied to tool 198, optionally as a drop of 
glue. Other exemplary tool tracking modules can rely upon one or more of jointed mechanical 

20 tracking, flexible mechanical tracking, optical tracking, RF tracking, magnetic tracking, 
radioactive tracking, ultrasovmd tracking, inertial tracking. 

In an exemplary embodiment of the invention, concurrent position determination of 
indicators 400 in subject 120 and 400' on tool 198 by sensors 150 aids in registering the 
determined positions with respect to one another .Optionally, concurrent position determination 

25 of indicators 400 in subject 120 and 400' on tool 198 by sensors 150 permits tool 198 to be 
hand held. 

In another exemplary embodiment of the invention, a position tool 198 is determined 
independently of sensors 150. Optionally, this permits tool 198 to be mechanically controlled. 
Optionally, once control unit 196 is locked at a known position, unit 196 can determine a 
30 position of tool 198 relative to itself and relay a position of tool 198 to system processor 1 80. 

In anther exemplary embodiment of the invention, sensors 150 are physically connected 
to tool 198 and the tool ^'homes in" on indicator 400 and/or target 130. Optionally, this 
configuration is suitable for use with a hand held tool 1 98. 
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In an exemplary embodiment of the invention, the tool tracking module provides an 
output signal including a position of tool 198 to system processor 180. The output signal 
optionally includes or does not include an orientation of tool 198. 

During a surgical procedure, system processor 1 80 considers the relative positions of 
5 position indicator 400 and tool 198. In an exemplary embodiment of the invention, processor 
180 issues instructions to control unit 196 to adjust arm 195 so that tool 198 is brought into a 
desired proximity with target 130. For a needle biopsy, this proximity can vary with the length 
of the needle. In another exemplary embodiment of the invention, processor 180 issues 
instructions to a human operator holding tool 198 so that tool 198 approaches target 130. 
10 Instructions to a human operator may be issued, for example as visible signal (e.g. lighted 
arrows on a handle of the tool) or audible instmctions. In an exemplary embodiment of the 
invention, the relative positions of indicator 400 and/or target 130 and tool 198 are displayed to 
an operator of the system. Optionally, processor 180 applies a correction which accounts for a 
known geometric relationship between indicator 400 and target 130 (e.g. a tumor) to determine 
15 a location of target 130 relative to tool 198. In an exemplary embodiment of the invention, the 
geometric relationship is known because it has been determined in advance, for example by a 
medical imaging procedure such as computerized tomography or fluoroscopy. 

Optionally, a software tool is used to automatically determine a desired path of the tool 
to the target, for example, based on an identification (manual or automatic) of anatomical 
20 features that may be damaged by the tool and planning a path that bypasses them. 

In some exemplary embodiments of the invention, an operator of system 100 inputs 
instructions to guide tool 198 to target 130. Optionally, the operator guides tool 198 by hand. 

In other exemplary embodiments of the invention, system processor 180 issues 
instructions to arm control unit 196 so that tool 198 is guided to target 130 automatically. 
25 In the case of a biopsy tool 198, tool control unit 196 guides tool 198 to a desired 

position and orientation relative to target 130. Optionally, arm 195 can be replaced by an 
alternate guiding mechanism, for example a gimbal. 

Once biopsy tool 198 is in the desired position, a deployment command causes a biopsy 
needle to extend outward from tool 198 to target 130. Optionally, a sample is removed through 
30 the needle, for example by suction. Optionally, the sample is removed by withdrawing the 
needle. In an exemplary embodiment of the invention, positioning and deployment are based 
on safety considerations. For example, system processor 180 may guide tool 198 to a position 
which is not directly above target 130 and orient tool 198 so that a biopsy needle is ejected at a 
shallow angle. This can prevent the needle from penetrating into the peritoneum. 
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In some exemplary procedures, a position and/or orientation of tool 198 is adjusted to 
permit withdrawal of multiple samples fiom target 130. According to various exemplary 
embodiments of the invention, adjusting a position of tool 198 may involve altering a 
penetration depth of a biopsy needle and/or rotating the biopsy needle. 
5 Optionally, a non-biopsy medical procedure is performed by tool 198 once it reaches 

target 130. The medical procedure may be, for example, an excision or delivery of a 
therapeutic agent. 

In the case of an excision, tool 198 may be subject to additional manipulation after 
entering the body of subject 120. 
10 In the case of delivery of a fher^>eutic agent, the agent may optionally be delivered at 

one or more positions. The positions may be reached, for example, as described above in flie 
context of a biopsy. 

Therapeutic agents include, but are not limited to, brachytherapy seeds, 
chemotherapeutic agents and gene therapy agents. Optionally, a brachytherapy seed may serve 
15 as a position indicator 400 after it is implanted. 

In other exemplary embodiments of the invention, sensors 150 may be mounted on a 
robotic arm so that they can be positioned out of the way of medical personnel. Optionally, 
sensors 150 are mounted on a same robotic arm 195 as tool 198. 

Fig. 8 shows an exemplary embodiment of the invention, where a separate robotic arm 
20 193 is used to mount a sensor module 191 thereon. This may be instead of or in addition to in- 
bed sensors 150, shown schematically. A separate support 199 is optionally provided. 
Alternatively, a support 1 16 of arm 195 may be shared. Arm 193 optionally includes encoders 
or other means, so its position relative to the support is known. Optionally, the position of the 
support is determined by a radioactive marker movmted thereon and found by detector module 
25 191. Optionally the position and/or orientation of the positionable position sensor module 191 
relative to a given coordinate system is measured using any one of the many tracking 
technologies known in the art, including but not limited to magnetic, electromagnetic, optical, 
ultrasound and/or mechanical. 

In an exemplary embodiment of the invention, module 191 is in the shape of three sides 
30 of a square. This may allow easy access from one side, or from the middle of the detector. 
Optionally, the module is about 50 cm in length and width and the opening is about 30-40 cm 
in diameter. Other open forms may be used as well. While a biopsy needle may be provided 
from above, in some embodiments, a tool and/or clear field of view are blocked by the sensor 
design. In an exemplary embodiment of the invention, sensor module 191 is placed close to the 
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body, optionally in contact therewith, optionally from above or the side of the body. 
Optionally, module 191 is moved if and when it interferes with the procedure. Module 191 
may then be moved back. 

Fig. 2 is a simplified flow diagram of a therapeutic process 200 according to an 
5 exemplary embodiment of the invention. 

At 210 a position indicator is implanted in the body of a patient. Implantation is 
optionally in, adjacent to, or at any known displacement with respect to a target tissue. In an 
exemplary embodiment of the invention, the target tissue is a tumor. The position indicator 
includes a radioactive source which is characterized by a desired activity, as described below. 

10 At 212, a determination of the position co-ordinates of the position indicator is made 

based upon analysis of photons produced by radioactive disintegrations in the position 
indicator. Optionally, the analysis is made by one or more position sensors, optionally 
directionally sensitive position sensors. 

At 214, a therapeutic beam is aimed and/or focused at an area based upon the position 

15 co-ordinates determined in 212. In an exemplary embodiment of the invention, aiming or 
focusing is based upon a correction which considers a known displacement between the 
position indicator and the target. This aiming/focusing includes registration of position co- 
ordinates employed by the location determination mechanism and co-ordinates employed by 
the irradiation mechanism. Registration is discussed in greater detail hereinbelow in the section 

20 entitled "Exemplary Registration Mechanisms." Optionally aiming/focusing includes moving 
the patient and/or moving the beam source and/or subjecting the beam source to angular 
adjustment. In some exemplary embodiments of the invention, 214 indicates aiming and 
guidance of a biopsy tool and/or ablation tool. 

According to exemplary embodiments of the invention, 214 may include linear 

25 translation of a tool along tracks and/or use of gimbals and/or robotic arms and/or application 
of rotational motion and/or angular adjustment. 

At 216, a cytotoxic dose of radiation is applied by the therapeutic beam to the area 
determined in 214. In some exemplary embodiments of the invention, 216 indicates 
performance of a biopsy and/or ablation performed by an electrode or an ultrasonic probe. 

30 In an exemplary embodiment of the invention, 212, 214 and 216 are repeated during the 

course of a single treatment session. For example, if prostate tumor is to be irradiated for 120 
seconds, application 216 of cytotoxic radiation might be in 10 second bursts with each burst 
followed by position determination 212 and focusing 214. Optionally, this type of procedure 
reduces the amount of radiation accidentally delivered to non-target tissue. A regimen such as 
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this reduces the effect of involuntary shifting of relevant tissue, for example from stress and/or 
as a reaction to discomfort. 

Fig. 3 is a simplified flow diagram of an implantation procedure 300 according to an 
exemplary embodiment of the invention. This diagram provides exemplary details for 
5 implantation 210 of Fig. 2. 

At 310 a position indicator including a radioactive source is provided. At 312, the 
position indicator is loaded into an injection tool. 350 indicates that 310 and 312 may 
optionally be performed at a manuiacturing facility so that the position indicator is provided as 
an individually wrapped sterilized unit loaded into an injection tool. 
10 At 314, the injection tool is inserted so that a distal tip of the tool is at a known 

displacement from the target. Optionally the known displacement is small and the distal tip of 
the tool £^proaches a boimdary of the target. Optionally the known displacement is essentially 
zero and the distal tip of tiie tool is within the target. In an exemplary embodiment of the 
invention, the distal tip of the tool approaches a center of the target. 
15 316 indicates that insertion 314 may optionally be guided and/or evaluated by medical 

imaging. Guidance for placement and/or post placement evaluation of relative positions of the 
position indicator and the target may be conducted, for example, by ultrasoimd, fluoroscopy, 
standard X-ray imaging, CT, MRI or any other available imaging means. 

At 3 1 8, the position indicator is ejected from the injection tool. Optionally, ejection is 
20 at a location which has been evaluated by imaging 316. 
At 320, the injection tool is withdrawn. 
Exemplar/ Position Indicator Configurations 

Figs. 4A and 4C are schematic representations of position indicators according to 
exemplary embodiments of the invention. In the pictured exemplary embodiments, indicator 
25 400 comprises a radioactive source 410 and a radio-opaque portion 420. Optionally, radio- 
opaque portion 420 serves as a fixation element. Optionally, additional anchoring structures 
430 (Fig. 4C) are included. In an exemplary embodiment of the invention, indicator 400 is 
coated with a biocompatible coating. Optionally, the coating renders indicator 400 inert with 
respect to the body. In an exemplary embodiment of the invention, implantation of indicator 
30 400 does not elicit an immune and/or inflammatory response. 

An exemplary embodiment depicted in Fig. 4A illustrates a spiral configuration. 
Optionally, the spiral configuration serves to anchor indicator 400 in the body after it is 
deployed at a desired location. In an exemplary embodiment of the invention, the spiral is 
characterized by an elastic memory so that it tends to resume its spiral shape. In an exemplary 
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embodiment of the figure, radio-opaque portion 420 is configured as a spiral and radioactive 
source 410 is concentrated at one end of indicator 400. In additional exemplary embodiments 
of the invention, radioactive source 410 may be concentrated in a different location with 
respect to the spiral or diffused along the spiral. 
5 In an exemplary embodiment, depicted in Fig. 4C, a straight configuration is illustrated. 

Optionally, a herringbone pattern of filaments 430 characterized by an elastic memory serves 
to anchor indicator 400 in the body after it is deployed at a desired location. In the exemplary 
embodiment of the figure, radio-opaque portion 420 is configured as a straight cylinder and 
radioactive source 410 is concentrated at one end of indicator 400. In additional exemplary 
10 embodiments of the invention, radioactive sovirce 410 may be concentrated in a different 
location with respect to the cylinder or diffused along the cylinder. In an exemplary 
embodiment of the figure, radioactive source 410 may be a radioactive coating over a non- 
radioactive material. 

Figs. 4B and 4D are schematic representations of the position indicators according to 
15 exemplary embodiments of the invention depicted in Figs. 4A and 4C respectively loaded in an 
injection needle 450. In an exemplary embodiment of the invention, needle 450 is a standard 
hypodermic needle, for example a 20 to 25 gauge needle. 

Fig. 4B illustrates the compression of spiral portion 420 to a kinked straight 
configuration within needle 450. 
20 Fig. 4D illustrates the compression of the herringbone pattern of filaments 430 within a 

needle 450. 

Application of an ejection force (e.g. from an inserted ejection tool) from proximal side 
480 causes ejection of source 400 from distal aperture 490. Elastic memory of relevant portions 
of source 400 causes the ejected source to tend to revert to the relevant uncompressed 
25 configuration. In an exemplary embodiment of the invention, an ejection force is supplied by 
an ejection tool and/or by a stream of liquid. 

In an exemplary embodiment of the invention, radioactive source 410 comprises a 
droplet of biocompatible glue which contains a desired radioactive isotope. Optionally, the 
adhesive properties of the droplet reduce a tendency to migrate or shift after injection. 
30 Optionally, the adhesive drop is contiguous and/or non-dispersing. Optionally, the droplet also 
includes radio-opaque material. According to this exemplary embodiment of the invention, it is 
source 410 itself which adheres strongly to the surrounding tissue without benefit of a separate 
physical anchor (e.g. spiral 420 or filaments 430). In an exemplary embodiment of the 
invention, a large (2-3 mm in diameter) biocompatible glue droplet, optionally including radio- 
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opaque material can be injected throu^ a narrow (23-25 gauge) needle since the glue is in a 
liquid or gel state at the time of injection. Optionally, source 410 is biodegradable and begins 
to lose integrity to a significant degree after 8-12 weeks. Optionally, source 410 is metabolized 
and the radio-isotope contained therein is excreted from the body. Optionally, the radio-isotope 
particles within the glue droplet are individually coated with a biocompatible material so that 
they remain biocompatible as the glue degrades and the particles disperse and are excreted 
from the body. Optionally, the glue droplet is injected in a liquid or semi-liquid state and sets 
to a solid mass after injection. In an exemplary embodiment of the invention, the amount of 
radioactivity per unit volume is adjusted according to the specific application. 

Biocompatible glues suitable for use in the context of exemplary embodiments of the 
invention are commercially available and one of ordinary skill in the art will be able to select a 
suitable glue for a contemplated exemplary embodiment. Examples of biocompatible glues 
include, but are not limited to, Omnex (Closure Medical Corporation, Raleigh, NC) and 
BioGlue (Cryolife, Atlanta, GA). 

According to various exemplary embodiments of the invention, the biocompatible glue 
may be a two-component glue (e.g. BioGlue, Cryolife, Atlanta, GA; USA) or a one-component 
glue which hardens upon contact with human tissue (e.g. Omnex, Closure Medical 
Corporation, Raleigh, NC; USA), or a glue that is hardened by the application of a 
transformation energy (e.g. UV light; heat; or ultrasound). 

In an exemplary embodiment of the invention, a radioactive source 410 comprising a 
droplet of biocompatible glue which contains a desired radioactive isotope is provided as part 
of a kit including an injection tool. Optionally, the injection tool mixes glue components as the 
glue is being injected. 

In an exemplary embodiment of the invention, the injection tool is a transparent syringe 
marked with a scale so that the amount of glue injected is readily apparent to an operator. 
Optionally, the scale is marked in volume and/or drop diameter. In an exemplary embodiment 
of the invention, there is a knob, slider, or other mechanical actuator on the injection tool 
which can be positioned to a certain volume or drop diameter marking which causes the 
appropriate amount of glue to be injected when the injection tool is activated. In an exemplary 
embodiment of the invention, the injection tool includes an inflatable balloon at the end of the 
applicator to create a space in the tissue for the bead of glue to fill. Optionally, the injection 
tool applies a transformation energy. 
Exemplarv Registration Mechanisms 
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In an exemplary embodiment of fhe invention, sensors ISO are rigidly mounted on 
beam source 1 10 or on the patient bed. According to this exemplary embodiment, a one-time 
calibration procedure is performed during manufacturing, installation or periodically, and the 
tracking and radiation systems are permanently aligned, or registered, with respect to one 
5 another. 

In additional exemplary embodiments of the invention, sensors 150 are separate from 
the radiation therapy system. According to these exemplary embodiments of the invention, 
sensors ISO are registered with the radiation therapy system using an existing position and 
orientation determination system. Existing position and orientation determination systems 

10 include, but are not limited to, optical, ultrasoimd, electromagnetic and mechanical systems. A 
brief description of an exemplary optical tracking system useful in aligning a sensor array with 
a radiation therapy system can be found in ^^Realtime Method to Lx)cate and Track Targets in 
Radiotherapy" by Kupelian and M ahadaven. Business Briefing US Oncology Review 2006, 
p44-46. This article is fully incorporated herein by reference. One of ordinary skill in the art 

15 will be able to select an available position and orientation determination system and 
incorporate it into the context of the present invention. 
Construction Considerations 

In an exemplary embodiment of the invention, a small source 410 is coupled to a 
relatively large position indicator 400. Optionally, use of a small source 410 (e.g. 0.5 mm to 1 

20 mm diameter) permits sensor 1 SO to more accurately determine a direction from which a signal 
originates. Optionally, a large radio-opaque portion 420 is easily visualized in a fluorography 
image. In an exemplary embodiment of the invention, radio-opaque portion 420 has a length of 
1, 2, 3, or 4 cm or lesser or intermediate or greater lengths. In an exemplary embodiment of the 
invention, radio-opaque marker 420 has a diameter compatible with injection via a 20-25 gauge 

25 OD needle. 

In an exemplary embodiment of the invention, a relatively large radio-opaque portion 
420 serves to anchor a smaller source 410 in position. Optionally, radio-opaque portion 420 
includes a solid substrate. Anchoring should be sufficiently strong to prevent migration or 
shifting during at least a portion of a radiation therapy regimen, optionally through an entire 
30 radiation therapy regimen. In an exemplary embodiment of the invention, the position of 
indicator 400 with respect to target 130 may be measured periodically throughout the course of 
the radiation therapy regimen. Position of indicator 400 with respect to target 130 may be 
measured by, for example X-Ray, fluoroscopy, CT, MRI or ultrasoimd. In an exemplary 
embodiment of the invention, a 3D measurement of relative position is made. 
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In addition to or instead of the physical anchoring provided by various exemplary 
configurations of source 400, at least a portion of the source may be coated with a bioadhesive 
material. The bioadhesive material serves to fix the position of source 410 at a desired location. 
Examples of bioadhesives suitable for use in the context of the present invention may include, 
5 but are not limited to, cyanoacrylate based adhesives such as Omnex by Closure Medical 
Corporation, Raleigh, N.C. In an exemplary embodiment of the invention, the bioadhesive does 
not elicit an immune and/or inflammatory response. 
Degree of Radioactivity 

In an exemplary embodiment of the invention, indicator 400 includes a radioactive 

10 source 410 which has an activity of 300, optionally 200, optionally 100, optionally 50, 
optionally 25, optionally 10 ^Ci or intermediate or lesser values. In an exemplary embodiment 
of the invention, radioactive source 410 emits an amount of radiation which does not cause 
clinically significant cytotoxicity for 7 days, optionally 30 days, optionally 60 days, optionally 
90 days or longer or intermediate times. 

15 In the United States, there is no legal requirement to label a 10|iCi source as 

radioactive. A lO^Ci source, optionally concentrated in a sphere with a diameter of about 0.5 
mm or less, provides 3.7 x 10^ disintegrations per second. This amount of radiation is more 
than sufficient for a position sensor 150 to accurately determine a direction towards an origin 
of a received signal. In an exemplary embodiment of the invention, the degree of radiation 

20 from the source at the implantation site remains sufRciently high for position determination for 
a period of weeks. 
Exemplary half-life considerations 

In an exemplary embodiment of the invention, source 410 includes Iridium (IR 
Iridium is characterized by a half life of 73.8 days. According to exemplary embodiments of 

25 the invention, isotopes with a half life of 30, optionally 50, optionally 70, optionally 90 days or 
greater or intermediate or lesser half lives are included in source 410. In an exemplary 
embodiment of the invention, these isotopes are compatible with a radiation therapy treatment 
that lasts 4, optionally 6, optionally 8, optionally 10, optionally 12 weeks or lesser or 
intermediate or greater numbers of weeks. 

30 For some biopsy and/or surgical procedures, for example, where the procedure is a one- 

time procedure and is scheduled soon afl:er the marker implantation, relatively short half-lives 
can be used. Exemplary half lives can be from a few hours (e.g., 1, 4 or 20) up to days (e.g., 1, 
3 or 5) or weeks (e.g., 1, 2, or 3). Intermediate, shorter or longer half lives may be provided as 
well. 
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It should be noted that for some biopsies and/or surgical procedures where the target is 
known to be a tumor (or other tissue) that takes up a certain radiopharmaceutical, an injected 
radiopharmaceutical which is taken up by the target can be used as the marker. 
Safety 

5 In an exemplary embodiment of the invention, position indicator 400 is left in place at 

the end of therapy. Optionally, radiation from source 410 is low enough and/or a half life of an 
isotope included in source 410 is short enou^ that there is no significant danger to the patient. 
In an exemplary embodiment of the invention, the non-radioactive portion of indicator 400 is 
constructed of biocompatible materials. Optionally, the biocompatible materials are resorbable 

10 materials. 

Exemplary position sensor 

Fig. 5 is a perspective view of one exemplary embodiment of directional position 
sensor 150 suitable for use in some exemplary embodiments of the invention (e.g. systems 100 
as depicted in Fig. 1 A and IB). 

15 Fig. 5 illustrates one exemplary embodiment of a sensor 150 configured with a plurality 

of radiation detectors 522 and a plurality of protruding radiation shields 536 interspersed 
between the plurality of radiation detectors 522. In an exemplary embodiment of the invention, 
each detector 522 is characterized by a width 518 of 2 mm and a length 514 of 10 cm. In an 
exemplary embodiment of the invention, shields 536 are characterized by a height 535 of 5 cm 

20 and a width 537 at their base of 4 mm. 

According to this exemplary embodiment, plurality of radiation detectors 522 is 
organized in pairs, each pair having a first member 521 and a second member 523. Each 
protmding radiation shield 536 of the plurality of protruding radiation shields is located 
between first member 521 and second member 523 of the pair of radiation detectors 522. 

25 According to this embodiment, sensor module 150 is capable of rotating the radiation detectors 
522 through a series of rotation angles 532 about axis 516 so that receipt of radiation from a 
radiation source upon radiation detectors 522 varies with rotation an^e 532. Each radiation 
detector produces an output signal. 

Optionally, the output signals from all first members 521 are summed or otherwise 

30 combined to produce a first sum and the output signals from all second members 523 are 
summed to produce a second sum. In an exemplary embodiment of the invention, the svmis are 
calculated by analytic circuitry. Assuming that all radiation detectors 522 are identical, when 
the sensor is aimed directly at the center of mass of the radiation source (target rotation angle 
532), the first sum and the second sum are equivalent. Use of multiple shields 536 insures that 
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the difTerence between the first sum and second sum increases rapidly with even a very slight 
change in rotation an^e 532 in either direction. Alternately, or additionally, the sign of the 
total output for the entire module 150 indicates the direction of rotation required to reach the 
desired rotation angle 532. Optionally, sensor 150 is characterized by a rapid response time 
5 and/or a high degree of accuracy. 

In an exemplary embodiment of the invention, sensor 150 is operated by 
implementation of an algorithm collecting gamma ray impacts from the radioactive source for 
a period of time and then deciding, based on a combined total ou^ut for the entire sensor 150, 
in which direction and to what degree to rotate radiation detectors 522 in an effort to reach a 

10 desired rotation angle 532. Optionally, the deciding is performed by analytic circuitry. 
Alternately an algorithm which rotate radiation detectors 522 a very small amount in response 
to each detected impact may be employed. Exemplary performance data is presented in 
PCT/IL2005/000871 the disclosure of which is fully incorporated herein by reference. 
Operational considerations 

15 Radiation from beam source 110 of systems 100 as depicted in Figs. lA and IB may 

potentially interfere with direction determination by sensors 150. 

In an exemplary embodiment of the invention, system 100 is gated so that only output 
from sensors 150 provided when beam source 110 is off is considered by tracking system 
processor 170. Optionally, sensors 150 operate only when beam source 1 10 is off. 

20 In an exemplary embodiment of the invention, sensors 150 are positioned so that they 

are not subject to significant reflected and/or scattered radiation from beam source 110. 
Optionally, sensors 150 are attached to, but at a distance from, beam source 110. In an 
exemplary embodiment of the invention, beam source 110 rotates about the patient 120 and/or 
moves freely around the patient in 3 dimensions. Optionally, once a desired relative orientation 

25 between sensors 150 and beam source 110 is established, the desired relative orientation is 
maintained when beam source 110 moves. 
Exemplarv bioadhesive injection tools 

As indicated above, in some exemplary embodiments of the invention, a bioadhesive is 
injected through an injection tool. Figs. 6A and 6B illustrate exemplary injection tools and their 

30 use in injecting a bioadhesive material 650. The figures illustrate exemplary sequences of 
events from top to bottom. In exemplary modes of use, needle 600 is inserted so that its distal 
end 610 is within, or at a known geometric relationship to, target 130 (Fig 1 A or IB). 

Fig. 6A illustrates one exemplary embodiment of an injection tool including two hollow 
tubes 630 and 640 within a needle 600. In this exemplary embodiment, tube 630 is fitted with 
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an inflatable balloon 620 at its distal end and tube 640 is open at its distal end. Optionally, after 
insertion, needle 600 is retracted slightly so tubes 630 and 640 extend beyond distal end 610 of 
needle 600. Balloon 620 is then inflated to create a hole in tissue in or near target 130. Inflation 
may be, for example, with a physiologically compatible gas (e.g., oxygen. Nitrogen or an 
5 oxygen containing mixture) or a fluid (e.g. sterile saline). According to this exemplary 
embodiment, as balloon 620 is deflated, bioadhesive material 650 containing a radioisotope is 
concurrently injected through tube 640 to fill the void left by deflating balloon 620. Optionally, 
the radioisotope is dispersed within bioadhesive material 650. Optionally, material 650 
includes a radio-opaque material. In an exemplary embodiment of the invention, partially 

10 hardened bioadhesive 650 adheres to the surrounding tissue. 

Fig. 6B illustrates an additional exemplary embodiment of an injection tool which 
emplojrs a single hollow tube 630 wilhin a needle 600. The figure illustrates an exemplary 
sequence of events from top to bottom. In this exemplary embodiment, tube 630 is fitted with 
an inflatable balloon 620 at its distal end. Optionally, after insertion, needle 600 is retracted 

15 slightly so tube 630 extends beyond distal end 610 of needle 600. Balloon 620 is then inflated. 
In this exemplary embodiment, inflation is by filling the balloon with bioadhesive material 650 
containing a radioisotope. Optionally, the radioisotope is dispersed within bioadhesive material 
650. Optionally, material 650 includes a radio-opaque material. Optionally, a wire 660 
incorporated into balloon 620 is heated, optionally by an electric current. In an exemplary 

20 embodiment of the invention, heating of wire 660 melts at least a portion of balloon 620 near 
the wire. Optionally, this melting allows balloon 620 to be retracted into needle 600. In an 
exemplary embodiment of the invention, partially hardened bioadhesive 650 adheres to the 
surrounding tissue. 
Brachytherapy embodiments 

25 In an exemplary embodiment of the invention, bioadhesive glue containing a 

radioactive isotope may be employed as a brachytherapy seed. Seeds of this type are 
characterized by an activity that is 10, optionally 100 or 1000 times or more or intermediate 
multiples greater than position indicators 400 as described hereinabove. Optionally, 
brachytherapy seeds of this type permit flexibility in dose localization and/or physical form of 

30 the seed. In an exemplary embodiment of the invention, use of a bioadhesive glue 
brachytherapy seeds permits flexible dose placement with reduced needle placements and/or 
facilitates use of thinner needles (e.g. 23-25 gauge). In an exemplary embodiment of the 
invention, bioadhesive glue brachytherapy seeds exhibit a reduced migration tendency. 
Tissue movement modeling embodiments 
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In an exemplary embodiment of the invention, a radioactive source 410 implanted 
within the body is used to aim a therapeutic beam 112 at a moving target. In an exemplary 
embodiment of the invention, sensors 150 of system 100 track source 410 along a trajectory, 
optionally a cyclically repeating trajectory. In an exemplary embodiment of the invention, the 
5 trajectory is relayed to system processor 180 as a series of locations, each location designated 
by a set of position co-ordinates and a temporal indicator. 

According to exemplary embodiments of the invention, tracking can occur prior to 
therapy and/or concurrently with therapy and/or during pauses between therapeutic pulses from 
beam 112. 

10 In an exemplary embodiment of the invention, acquisition of a trajectory is usefiil in 

planning therapy for a target 130 which is subject to repetitive movement (e.g. respiration or 
heartbeat). Optionally, after an initial trajectory is determined, sensors ISO provide additional 
data to processor 180 to con&m that movement of target 130 continues to match the initial 
trajectory and/or to indicate that target 130 has deviated from the initial trajectory. If target 130 

15 deviates from the initial trajectory, processor 180 optionally computes a new trajectory and/or 
adjusts one or more of turntable 146, module 114 and mechanisms 156 and/or 197 and/or 
adjusts a dynamic collimator incorporated within or mounted on beam source 1 10 so that beam 
112 coincides with target 130 without impinging on sensors 150. 

In an exemplary embodiment of the invention, tissue movement modeling is employed 

20 to aim a source 110 of beam 1 12. As an illustrative example, a case of tumor 130 in a lung of a 
patient is presented in some detail. For ease of presentation, an exemplary radiation source 410 
as described herein above is hypothetically implanted at a geographic center of tumor 130 (in 
practice source 410 and tumor 130 might be spaced apart by a known amount and a known 
orientation). The exemplary patient is breathing at a steady rate of twelve respirations per 

25 minute (5 seconds per respiration). 

In an exemplary embodiment of the invention, prior to initiation of radiation therapy, a 
system 100 determines a series of locations for source 410 in a patient reclining on 
examination table 142 at regular time intervals, for example 0.1, 0.2, 0.5, or 1 second intervals, 
or greater or intermediate or smaller intervals, using position sensors 150. Optionally, system 

30 100 continues to determine locations until analytic circuitry, e.g., processor 180 detects a 
repetitive pattern. 

In an exemplary embodiment of the invention, positions are determined with an 
accuracy of 1-2 mm. Processor 180 mig^t therefore define a pattern as repetitive if a series of 
points match a previous series of points with a total offset of less than 2mm, optionally less 
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than Imm. Optionally, the trajectory may be determined based upon 2, 3, 5, 10, or 20 or 
intermediate or greater numbers of cyclic repetitions. 

In the hypothetical example under consideration, the repetitive pattern is a trajectory 
defined by sets of 3D position co-ordinates, each set of co-ordinates additionally defined by a 
5 time value. Once this trajectory has been ascertained, it can be employed to aim a beam 1 12 so 
that it tracks source 410 as the source 410 moves along the trajectory. Aiming of the beam 112 
may be accomplished, for example, by one or more of adjusting a dynamic collimator 
incorporated within or mounted on beam source 1 10, adjusting an angle of beam source 110, 
adjusting a position of beam source 110 and moving a bed 142 on which the patient is 
10 positioned. 

Optionally, temporal variation introduces irregularities in periodicity of the cyclically 
repeating trajectory. In an exemplary embodiment of the invention, positions determining the 
trajectory and/or breathing profiles are binned. Binning can allow processor 180 to look for 
secondary patterns (e.g. two short cycles followed by 1 long cycle) or drift (e.g. the y co- 
15 ordinate increases by 1 MM every 14 respirations). 

Aiming along the trajectory 

In an exemplary embodiment of the invention, examination table 142 and/or beam 
source 1 10 are adjusted during operation of beam 1 12 so that beam 112 follows the trajectory 
of target 130. In an exemplary embodiment of the invention, system processor 180 performs 

20 calculations for tracking based upon a known position of a center of turntable 146 and a known 
position of a rotation axis of rotation module 114 which are registered with respect to one 
another and/or with respect to a fixed co-ordinate system. Positions of sensors ISO and 
displacements of all system components are also registered with respect to one another and/or 
with respect to a fixed co-ordinate system. Once a location of source 410 is determined, it is 

25 also registered with respect to sensors ISO and/or with respect to a fixed co-ordinate system. 

In an exemplary embodiment of the invention, registration of system components with 
respect to one another and with respect to source 110 of beam 112 permits system processor 
180 to accurately aim beam 112 at target 130 and/or to adjust positions of sensors ISO so that 
beam 112 does not impinge upon them. 

30 Optionally, tracking of target 130 by beam 112 and by sensors ISO occurs concurrently, 

optionally substantially simultaneously. In an exemplary embodiment of the invention, 
temporal gating is employed so that beam 112 and sensors ISO operate altemately. As the 
gating interval decreases, concurrent operation of beam 112 and sensors ISO approaches 
simultaneity. 
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Optionally, sensors 150 verify the position of target 130 with respect to its trajectory 
during therapy. Optionally, a corrected trajectory is computed if target 130 departs from the 
original trajectory. In an exemplary embodiment of the invention, processor 180 receives 
current positional information pertaining to target 130 during therapy, adjusts the trajectory in 
5 accord with the current positional information to generate a corrected trajectory and aims beam 
112 according to the corrected trajectory. 

In the hypothetical example described above, the therapy regimen calls for 40 seconds 
of radiation to be delivered to the tumor. 

In an exen^lary embodiment of the invention, after determination of an initial 
10 trajectory, a single 10 second pulse of radiation is delivered to the tumor from beam source 1 10 
using an initial trajectory. At the end of the pulse, position sensors ISO are activated and send a 
series of temporally defined locations to processor 180. Processor 180 checks and/or re- 
determines and/or corrects the trajectory prior to continuation of treatment delivery of the next 
10 second pulse. 

15 In an exemplary embodiment of the invention, after determination of an initial 

trajectory, a 1 second pulse of radiation is delivered to the tumor from beam source 110 using 
the initial trajectory. At the end of the pulse, position sensors 150 are activated and send a 
temporally defined location to processor 1 80. Processor 1 80 checks current location against the 
initial trajectory and calculates a corrected trajectory if necessary prior to administering the 

20 next 1 second pulse. 

In an exemplary embodiment of the invention, position sensors 150 operate while beam 
source 110 is in operation. Sensors 150 provide output to processor 180 which continuously 
corrects the trajectory as required and keeps beam 112 locked on target 130. 
Temporal gating 

25 In an exemplary embodiment of the invention, the trajectory is used to temporally gate 

beam source 1 10 so that the beam operates only when the target is in the beam path. In the 
hypothetical example under consideration, the beam source might be operated with a duty 
cycle of one second out of five seconds with operation occurring between seconds 2 and 3 of 
the five second respiratory cycle. 

30 Optionally, accuracy of tracking is related to one or more of the frequency with which 

3D position co-ordinates are acquired during trajectory determination, the distance between 
points in the determined trajectory and the frequency with which the trajectory is verified 
and/or adjusted. 
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In an exemplary embodiment of the invention, accuracy of tracking is increased by 
reducing the distance between points in the determined trajectory and/or by increasing the 
frequency with which the trajectory is verified and/or adjusted. 

In an exemplary embodiment of the invention, beam source 110 and position sensor 
5 150 are temporally gated so that they do not operate at the same time. Optionally, temporal 
gating reduces interference resulting from radiation from beam source 110 impinging on 
position sensor ISO. 

The principles of target motion tracking as described above can also be applied to tool 

guidance as described with regard to Fig. IE. For example, biopsy of a tumor in the abdomen 
10 by a tool 198 can be more efTective if insertion of the biopsy needle is timed to consider motion 

of tumor 130 as a result of a respiratory cycle. 

Optionally, information about the movement and trajectory of the target is provided to 

the user in real-time (e.g., at O.lHz, IHz, 10 HZ or faster) so that the needle can be selectively 

advanced along its path toward the target only during the portion of the target's movement 
1 5 cycle during which the target is in the path of the needle. 

Optionally, the user uses such real-time information to identify an appropriate needle 

insertion path to the target when the motion is temporarily suspended during a breath hold. 

Optionally, the user is notified about motion stoppage using a light or audio sound associated 

(e.g., emanating from) with the tool. 
20 Similar principles may be applied to other locations in the body which are subject to 

cyclic motion, for example the heart, by considering the amplitude and/or period of the cyclic 

motion. 

Fig. 7 illustrates an exemplary trajectory 720 as a fiinction of time. A dotted rectangle 

710 indicating a path of beam 112 is superimposed on trajectory 720. In the diagram, a one 
25 dimensional trajectory is presented for clarity. However, according to exemplary embodiments 

of the invention, one, two, or three dimensions of trajectory 720 are measured and used in the 

calculations performed by processors 170 and/or 1 80. 

As indicated by the light rectangles, position determination 212 occurs when trajectory 

720 brings radiation source 410 out of the path 710 of beam 1 12. In an exemplary embodiment 
30 of the invention, beam 112 is shut off during these periods of time. Shutting off beam 112 

reduces interference with position determination 212 and/or reduces irradiation of tissue 

outside of target 130. 

Dark rectangles 216 indicate application of cytotoxic beam 1 12 to target 130 as it falls 
within beam path 710. 
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While the example presented presumes that source 410 and target 130 are co-localized, 
it is possible to institute temporally gated trajectory analysis based upon a source 410 at a 
known displacement from target 130 provided that the relative position of source 410 and 
target 130 does not change significantly throughout the trajectory. 
5 General 

While the textual description above has related primarily to exemplary embodiments 
which employ a therapeutic beam to irradiate a target, additional exemplary embodiments of 
the invention employ an excision or ablation tool guided in a similar manner. In an exemplary 
embodiment of the invention, a light beam (e.g. laser beam) is aimed in response to position 

10 co-ordinates determined as described hereinabove. The light beam indicates a site where a 
surgeon should open in order to perform a manual excision. In an exemplary embodiment of 
the invention, the tool is an imaging too, for example an ultrasonic probe. 

In an exemplary embodiment of the invention, processor 180 operates displacement 
mechanisms 156 to remove position sensors 150 from a treatment region when not in use 

15 and/or when beam 112 is operative. Optionally, this reduces interference with treatment via 
beam 112 and/or reduces interference with portal imaging and/or reduces scatter. 

In an exemplary embodiment of the invention, position sensors 150 are automatically 
positioned by processors 170 and/or 180 so that they may most accurately determine 
position(s) of source 410 without interfering with beam 112 emanating from beam source 110. 

20 Optionally, LINAC 110 and an examination table are each independently rotated 30, 45 

or 90 degrees or lesser or intermediate or greater numbers of degrees (e.g. by means of 
tumtable 146 and/or rotation module 114). In an exemplary embodiment of the invention, 
system 100 is provided with information about an angle of the examination table 142 and an 
angle of LINAC 110. Optionally, this angular information is employed in calculation of a 

25 suitable location(s) for position sensors 150 so that they are not in a path of a beam 112 
emanating from LINAC 110. Optionally, angular information is provided in advance by a user 
of system 100. Provision of angular information may be, for example from processor 180, 
directly by coimection to LINAC 1 10, or via measurement. 

In an exemplary embodiment of the invention, a location of radioactive source 410 is 

30 determined with an accuracy of ± 5, ± 2, ± 1 mm or lesser or greater or intermediate accuracy. 
As the accuracy of individual positions increases, the accuracy and utility of a computed 
trajectory will increase. Determination of an accurate trajectory contributes to efficient ftmction 
of processor 180 in accurately aiming of beam 1 12 at target 130 and/or positioning sensors 150 
outside a path of beam 112. 
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In an exemplary embodiment of the invention, a location is detemiined with a 1 to 2mm 
accuracy within seconds. Optionally, this rapid accurate location determination relies on one or 
more of a low activity source 410, one or more coUimated sensors as described in WO 
2006/016368 and in US provisional Application 60/773,930 and the differential sensor concept 
5 described in WO 2006/016368. In an exemplary embodiment of the invention, this accuracy is 
an average accuracy over a tracking volume. Alternatively or additionally, the accuracy is a 
typical accuracy. Altematively or additionally, the accuracy is a worst accuracy over the 
volume. 

In some exemplary embodiments of the invention, the fact that each of sensors ISO 

10 measures only one axis permits use of slat collimators which contribute to speed and/or 
accuracy of location determination. 

Systems 100 and/or sensors 150 and/or processor 170 and/or processor 180 may rely 
upon execution of various commands and analysis and translation of various data inputs^ Any 
of these commands, analyses or translations may be accomplished by software, hardware or 

15 firmware according to various embodiments of the invention. In an exemplary embodiment of 
the invention, machine readable media contain instructions for registration of two independent 
position co-ordinate systems with respect to one another. In an exemplary embodiment of the 
invention, processor 170 and/or processor 180 execute instructions for registration of two 
independent position co-ordinate systems with respect to one another. 

20 The word "'circuitry'' as used herein should be construed in its broadest possible sense 

so that it includes simple circuits as well as complicated electronics (e.g. a Pentium or Celeron 
processor) as well as mechanical circuits. The word "'configured'' as used may indicate 
"running software" or may indicate a mechanical configuration. 

In the description and claims of the present application, each of the verbs "comprise", 

25 "include" and "have" as well as any conjugates thereof, are used to indicate that the object or 
objects of the verb are not necessarily a complete listing of members, components, elements or 
parts of the subject or subjects of the verb. 

The present invention has been described using detailed descriptions of embodiments 
thereof that are provided by way of example and are not intended to necessarily limit the scope 

30 of the invention. In particular, numerical values may be higher or lower than ranges of numbers 
set forth above and still be within the scope of the invention. The described embodiments 
comprise difierent features, not all of which are required in all embodiments of the invention. 
Some embodiments of the invention utilize only some of the features or possible combinations 
of the features. Altematively or additionally, portions of the invention described/depicted as a 
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single unit may reside in two or more separate physical entities which act in concert to perform 
llie described/depicted Ainction. Alternatively or additionally, portions of the invention 
described/depicted as two or more separate physical entities may be integrated into a single 
physical entity to perform the described/depicted function. Variations of embodiments of the 
present invention that are described and embodiments of the present invention comprising 
different combinations of features noted in the described embodiments can be combined in all 
possible combinations including, but not limited to use of features described in the context of 
one embodiment in the context of any other embodiment. Section headings are provided for 
ease of browsing and should not be construed to necessarily limit the contents of the sections. 
The scope of the invention is limited only by the following claims. 

All publications and/or patents and/or product descriptions cited in this document are 
fully incorporated herein by reference to the same extent as if each had been individually 
incorporated herein by reference. 
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CLAIMS 

1. A method of aiming a therapeutic beam at a patient having a source of 
radioactive emissions implanted at a position having a geometric relationship to a 
target tissue, the method comprising: 

(a) providing a patient having a source of radioactive emissions implanted 
therein.; 

(b) determining at least an indication of a location of said source using at least one 
radioactivity detecting position sensor; and 

(c) automatically aiming a therapeutic beam at said target based on said at least an 
indication of location. 

2. A method according to claim 1, wherein said geometric relationship is known 
prior to said implanting. 

3. A method according to claim 1, wherein said geometric relationship is 
determined after said implanting using imaging. 

4. A method according to claim 1 or claim 2, wherein automatically aiming 
comprises maintaining said aim while at least one of said target and said beam move. 

5. A method according to any of the preceding claims, wherein said determined 
location is a location relative to said sensor. 

6. A method according to any of the preceding claims, wherein determining at 
least an indication of a location comprises determining a direction. 

7. A method according to any of the preceding claims, wherein said position 
sensor generates a direction signal. 

8. A method according to any of the preceding claims, wherein the location is 
determined in three dimensions. 
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9. A method according to any of the preceding claims, wherein the source is 
characterized by an activity which does not cause clinically significant cytotoxicity in 
a period of 7 days, 

10. A method according to any of the preceding claims, wherein the source is 
attached to, or integrally formed with, a tissue fixation element adapted to maintain 
said source in said geometrical relationship. 

11. A method according to any of the preceding claims, wherein the source 
includes a biocompatible outer surface. 

12. A method according to any of the preceding claims, wherein the source 
location is determined with an error not exceeding 2 mm. 

13. A method according to any of the preceding claims, wherein the source 
location is determined with an error not exceeding 1 mm. 

14. A method according to any of the preceding claims, wherein determining at 
least an indication of a location comprises determining a series of location indications 
as affected by a physiological motion cycle. 

15. A method according to claim 14, wherein said cycle comprises breathing. 

16. A method according to any of the preceding claims, wherein determining at 
least an indication of a location comprises providing a series of temporally defined 
locations which define a trajectory. 

17. A method according to any of the preceding claims, comprising registering a 
first position co-ordinate system employed by said sensor and a second position co- 
ordinate system employed by a beam aiming mechanism with respect to one another. 

18. A method according to any of the preceding claims, additionally comprising: 
(d) irradiating said target with a therapeutic dose of radiation using said beam. 
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19. A method according to claim 1 8, comprising alternating between (c) and (d). 



20. A method according to claim 18 or claim 19, comprising positioning at least 
one of said position sensor and said beam so that an amount of radiation originating 
irom said beam and impinging on said sensor does not significantly affect an ability 
of said sensor to determine a location of said source. 

21. A method according to any of the preceding claims, wherein (c) includes 
moving said target to a desired location. 

22. A method according to any of the preceding claims, wherein (c) includes 
moving said therapeutic beam to a desired position. 

23. A method according to any of the preceding claims, wherein (c) includes 
subjecting said therapeutic beam to an angular adjustment. 

24. A method according to any of the preceding claims, including supporting said 
patient using a frame mechanically coupled to said at least one radioactivity detecting 
position sensor. 

25. A method according to any of the preceding claims, wherein (c) comprises at 
least one of aiming said beam to miss said senor and moving said sensor to be out of a 
path of said beam. 

26. A method according to claim 25, comprising predetermining a motion of the at 
least one position sensor to avoid irradiation by said beam. 

27. A method according to claim 26, comprising selecting a location for said at 
least one sensor, taking into account a desired therapy of said target, said location 
designed to avoid said beam. 

28. A method according to claim 26 or claim 27, comprising using an angle of a 
patient couch adapted for receiving said patient and an angle of said beam to 
determine an expected interaction between said beam and said at least one sensor. 
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29. A therapy system, the system comprising: 

(a) a position sensing module capable of determining at least an indication of a 
location of an implantable radioactive source based upon radioactive emissions of 
said source and providing a position output signal, responsive to the determination; 

(b) control circuitry configured to receive the position output signal, calculate an 
alignment correction based on said signal and provide said correction to a beam- 
target alignment mechanism; 

(c) a beam source; and 

(d) a beam-target alignment mechanism configured to align said beam source and 
said target according to said correction. 

30. A system according to claim 29, wherein the target location is defined in three 
dimensions. 

31. A system according to claim 29 or claim 30, wherein said alignment 
mechanism is configured to align based on a desired therapeutic effect. 

32. A system according to any of claims 29-31, wherein said alignment 
mechanism is configured to align based on a desired safety efiect 

33. A system according to any of claims 29-32, wherein said alignment 
mechanism is configured to align based on a desired lack of interaction between said 
module and said beam. 

34. A system according to any of claims 29-33, wherein the sensing module is 
capable of determining a location indication in less than 1 second and an accuracy of 
better than S mm, for a source characterized by an activity which does not cause 
clinically significant cytotoxicity in a period of 7 days. 

35. A therapy system according to claim 34, wherein the activity is in the range of 
lKiCito300jiCi. 
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36. A therapy system according to claim 35, wherein the activity is in the range of 
liaCitolOOjiCi. 

37. A therapy system according to any of claims 29-36, wherein the position 
sensing module employs at least one position sensor which employs at least one 
radiation shield. 

38. A therapy system according to claim 37, wherein the position sensor employs 
a collimator. 

39. A therapy system according to any of claims 29-38, wherein the position 
sensor employs a diiferential radiation detector. 

40. A therapy system according to any of claims 29-39, wherein the position 
sensor employs a rotating radiation sensor with angular sensitivity. 

41. A therapy system according to any of claims 29-40, wherein the target 
location is calculated with an error not exceeding 2 mm. 

42. A therapy system according to claim 41, wherein the target location is 
calculated with an error not exceeding 1 mm. 

43. A therapy system according to any of claims 29-42, wherein said control 
circuitry is configured for registering a first position co-ordinate system employed by 
said sensor module and a second position co-ordinate system employed by a beam 
aiming mechanism with respect to one another. 

44. A therapy system according to any of claims 29-43, configured to alternate 
between position sensing and patient irradiation. 

45. A therapy system according to any of claims 29-44, configured to ignore a 
position output signal generated while said beam is in operation. 
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46. A therapy system according to any of claims 29-45, configured to inactivate 
said position sensing module while said beam is in operation. 

47. A therapy system according to any of claims 29-46, wherein said position 
sensor is positioned so that an amount of radiation originating from said beam and 
impinging on said sensor does not significantly affect an ability of said sensor to 
determine a position of said source. 

48. A therapy system according to any of claims 29-47, wherein said beam-target 
alignment mechanism is configured to move said target to a desired position in 
response to said target co-ordinates. 

49. A therapy system according to any of claims 29-48, wherein said beam-target 
alignment mechanism is configured to move said therapeutic beam to a desired 
position. 

50. A therapy system according to any of claims 29-49, wherein said beam-target 
alignment mechanism is configured to subject said therapeutic beam to an angular 
adjustment. 

51. A therapy system according to any of claims 29-50, wherein the control 
circuitry is adapted to provide the correction as a series of temporally defined sets of 
co-ordinates which define a trajectory. 

52. A therapy system according to any of claims 29-51, wherein a position sensor 
of the position sensing module is provided within a patient support adapted to hold a 
patient during therapy. 

53. A therapy system according to any of claims 29-52, including at least one 
radiation shield adapted to be shield said sensor from radiation, by movement of at 
least one of said sensor and said shield. 

54. A system according to claim 52 or claim 53, wherein said patient support is 
rotatable. 



50 



wo 2007/017847 



PCT/IB2006/052771 



55. A system according to any of claims 52-54, wherein said sensing module is 
ad^ted to move within said support. 

56. A therapy system according to any of claims 29-55, including a sensor 
displacement mechanism adapted to position at least one sensor of the position 
sensing module outside of a beam path when the beam source is operative. 

57. A method of aiming a therapeutic beam, the method comprising: 

(a) implanting a source of radioactive emissions in a patient at a position having a 
geometric relationship to a target tissue; 

(b) detecting said source using at least one radioactivity detecting position sensor; 
and 

(c) automatically aiming a therapeutic beam at said target based on detecting. 

58. A therapy control system, the system comprising: 

(a) a position sensing module configured to determine at least an indication of a 
location of an implantable radioactive source based upon radioactive emissions of 
said source and providing a position output signal, responsive to the determination; 
and 

(b) control circuitry configured to receive the position output signal and calculate 
and output at least one of target coordinates and tool aiming instructions to an output 
channel, based upon the position output signal. 
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